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INTRODUCTION 

This application notes presents a software package for 
interfacing members of Intel's MCS-48™ family of 
single-chip microcomputers with keyboards and dis- 
plays using a minirvjm of external components. Be- 
cause of the similarity of the architectures of the vari- 
ous members of the family (the 8035, 8048, 8748, 8039, 
8049,8021 , and 8022 microcomputers; also the 8041 and 
8741 universal peripheral interfaces in the UPI-41® 
family), the code included here could run with minor 
modifications on any member of the family. 

Since keyboard and display logic can be just one of 
several functions handled by a microprocessor, the 
added cost of including these functions in a system is 
minimal. In fact, considering the extremely low cost of 
standard X-Y matrix keyboards and integrated displays, 
their use is often more cost effective than even a hand- 
ful of discrete switches and indicators. Thus, the addi- 
tional flexibility of keyboard input and display output 
can be added to inexpensive consumer products (such 
as games, clocks, thermostats, tape recorders, etc.), 
while producing a net savings in system cost. 



In traditional digital system design, various hardware 
registers or counters were used to hold binary or BCD 
values which had to be conveyed to the user. The stand- 
ard way of presenting this information was by connec- 
ting each register to a seven-segment encoder (such as 
the 7447) driving a single display character, as repre- 
sented by Figure I.Thus, two ICs, seven current limiting 
resistors, and about 45 solder joints were required for 
each digit of output. Consider how traditional tech- 
niques might be (mis-)applied in designing a microproc- 
essor system: the designer could add a latch, encoder, 
and resistors for each digit of the display. Still another 
latch and decoder could be used to turn on one of the 
decimal points (if used). The characters displayed could 
only be a sequence of decimal digits. In the same vein, a 
large matrix of key switches could be read by installing 
an MSI TTL priority encoder read by an additional input 
port. Not only would all this use a lot of extra I/O ports 
and increase the system price and part count drastic- 
ally, but the flexibility and reliability of the system 
would be greatly reduced. 



Since each potential application will have its own 
unique combination of keys and display characters, the 
program is written so that very little modification is 
needed to interface it with a wide variety of hadware 
configurations. In general, the only changes required 
are within the set of initial EQUates at the beginning of 
the program. 

Along with the basic software for driving a multiplexed 
display and/or scanning and debouncing an X-Y matrix 
of key switches, a collection of utility subroutines is 
also included for implementing the most commonly 
used keyboard and display utility functions, such as 
copying simple messages onto the display or determin- 
ing the encoded value of each key in the key matrix. As a 
result of the versatile architecture and applications- 
oriented instruction set of the MCS-48 family, the entire 
package fits into about 250 bytes of internal program 
ROM or EPROM, leaving the rest of the ROM space for 
the program to cook the perfect piece of toast, or what- 
ever. By tailoring the software to match a known hard- 
ware configuration, or by selecting only those functions 
needed for a given application, the program size could 
be even further reduced. 

Since what is being presented in this application note is 
a software package, rather than the usual hardwarel 
software system design, the format of this note is some- 
what different from most — it consists primarily of a 
long program listing reproduced in the following pages. 
For the most part, the listing is self-explanatory, with 
comments introducing each subroutine and major code 
segment. Some parts of this introduction are repro- 
duced in the program listing itself, explaining the con- 
figuration of the prototype system. However, an addi- 
tional bit of explanation would make the listing easier to 
understand, especially for those readers unfamiliar with 
the concept of multiplexed displays and keyboards. 
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Figure 1. Wrong Way to Design Multiple Digit Displays for 
Microcomputer Systems 



Instead, a scheme of time-multiplexing the display can 
be used to decrease costs, part count, and interconnec- 
tions, while allowing a wider range of character types to 
be used on the display. The techniques used here are 
fairly typical of today's integrated subsystems designed 
especially for controlling keyboards and displays (such 
as in calculators or the Intel" 4269, 8278, and 8279 Key- 
board/Display Controller Devices). 

In a multiplexed display, all the segments of all the 
charecters are interconnected in a regular two-dimen- 
sional array. One terminal of each segment is in com- 
mon with the other segments of the same character; the 
other terminal is connected with the same segments of 
the other characters. This is represented schematically 
in Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 
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to be displayed, and turns on the appropriate segments. 
With the next character now turned on, the processor 
may now resume whatever it had been doing before. The 
whole display updating task consumes only a small frac- 
tion of the processor's time. 
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Figures. Segment and Digit Drivers used with 6-Position, 7-Segment 
LED Display 



Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe- 
cial symbols, and many letters of the alphabet are pos- 
sible. With sufficient imagination this feature can be ex- 
ploited for some applications, as suggested by the 
examples in Figure 4. 



Figure 2. Schematic Representalion of 6-Digit, 7-Segment 

Common-Cathod LED Multiplexed Display „ 

LJO / / / /_/_/ ' /_/ 
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The various characters of the display are not all on at 

once; rather, only one character at a time is energized. / / /_ / / / / /_ 

As each character is enabled, some combination of seg- / /_//__ /_/_/// / // / _///_//_ 
ment drivers is turned on, with the result that a digit 
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appears on the enabled character. (For example, in Fig- 
ure 3, if segment drivers 'a', 'b', and 'c' were on when 
character position #6 was enabled, the digit '7' would . j , . — j j—j 

appear in the left-most place.) Each character is enabled /~~ // 7/ — / /~ — // — / — // — 

in this way, in sequence, at a rate fast enough to ensure — — — — 

that the display characters seem to be on constantly, j j j j // 

w th no appearance of flashing or flickering. j // — // // / / / // 



In the system presented here, these rapid modifications 
tc the display are all made under the control of the MCS- 
4B™ microcomputer. At periodic intervals the com- 
puter quickly turns off all display segments, disables 

the character now being displayed and enables the next, F| 9 ure4 - Examples of Typical Messages Possible with simple 
looks up the pattern of segments for the next character 7-segment Displays 



As each character of the display is turned on, the same 
signal may be used to enable one row of the key matrix. 
Any keys in that row which are being pressed at the time 
will then pass the signal on to one of several "return 
lines", one corresponding to each column of the matrix. 
(See Figure 5.) By reading the state of these control 
lines, and knowing which row is enabled, it is possible 
to compute which (if any) of the keys are down. Note 
that the keys need not be physically arranged in a rec- 
tangular array; Figure 5 is merely a schematic. 
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Figures. Schematic of X-Y Matrix Multiplexed Keyboard 



Since each character is on for only a small fraction of 
the total display cycle, its segments must be driven with 
a proportionately higher current so that their brightness 
averages out over time. This requires character and seg- 
ment drivers which can handle higher than normal levels 
of current. Various types of drivers can be used, ranging 
from specially designed circuits to integrated or dis- 
crete transistor arrays. The selection depends on 
several factors, including the type of display being used 
(LED, vacuum flourescent, neon, etc.), its size, the 
number of characters, and the polarity of the individual 
segments. Some drivers have active high inputs, some 
active low. Some invert their input logic levels, some do 
not. Some require insignificant input currents, some 
present a considerable load. Some systems use exter- 
nal logic to enable one of N characters or to produce the 
appropriate segment pattern for a given digit, some sys- 
tems implement these functions through software. 

Because of these and the other variables which make 
each application unique, provisions are made in the first 
page of symbol EQUates to allow the user to specify 
such things as the number of characters in the display 
or the polarity of the drivers used, and the program will 
be assembled accordingly. The display is refreshed on 
each timer interrupt, which occurs every 32 x (TICK) 



machine cycles. (One machine cycle occurs eve r y 30 
crystal oscillations for the 8021 and 8022, or every 15 
oscillations for all other members of the family.) A more 
detailed explanation of these variables is included ii the 
listing. 

Port assignment is also at the discretion of the user — 
all port references in the listing are "logical" rather than 
physical port names. The port used to specify which 
character is enabled is referred to as "PDIG1T". The out- 
put segment pattern is written to "PSGMNT" and the 
keyboard return lines are read by "PINPUT". These 
logical port names may be assigned to whichever ports 
the user pleases. 

By way of example, the breadboard used to develop snd 
debug this software used a matrix of 16 single-pole 
pushbuttons and an 8-character common-cathode L.ED 
display with right-hand decimal point. No decoders ex- 
ternal to the 8748 microcomputer were used; all Icgic 
was handled through software. PDIGIT was the 8-bit 
bus, PSGMNT was port 1, and PINPUT was port 2. ""he 
drivers used were 75491 and 75492 logically non- 
inverting buffers: high level inputs were used to tun a 
segment or character on. Pull-up resistors were used on 
the 8748 output lines to source the current levels 
needed by the buffers. The 8748 was socketed on the 
breadboard, and was driven with an inexpensive 3.59 
MHz television crystal. The short test program included 
in this listing was used to echo key depressions as they 
were detected, and to invoke four demonstration sub- 
routines. A summary of the subroutines included in tris 
listing with a short explanation of the function of each is 
included in Figure 6; Figure 7 shows how the various 
utilities interact. 



KBDIN Keyboard Input. Waits until one keystroke input has been received 
from the keyboard; determines the meaning or legend of that key, ar d 
returns with the encoded value in the accumulator, 

CLEAR Blank out the display. 

ENCACC Encode accumulator with bit pattern corresponding to the segment 
pattern needed by the display to represent that symbol or character. 
Uses the value of the accumulator when called to access a table con- 
taining the patterns for all legal input values. 

WDISP Write Into Display. Writes the bit pattern in the accumulator into thj 
next character position of ihe display. Maintains a character position 
counter so that repeated calls will automatically write characters into 
sequential positions. 

RENTRY Right-hand Entry. Stores the accumulator segment pattern in th>i 
display in the right-most character position. Shifts all othercharacter:. 
to the left one place. 

PRINT Print a string of arbitrary characlers onto the display Useful lor pro 
mptiny messages, warnings, etc. Uses a table of segment patterns ir 
ROM, so that messages will not be restricted to numbers, letters, etc 

FILL Fill the display with the character pattern in the accumulator. Useful 
lor writing dashes, segment test patterns, etc. into all character post- 
lions. 

ECHO Walt for a key to be pressed by the operator and write that key onto 
the display. Used for providing feedback to the operator when enter- 
ing numeric data etc. 

RDPADD Adds or deletes a decimal point to the character at the right-hand side 
of the display, for entering floating point numbers. 

HOLD Called when a key is known to be down. Does not return until all keys 
have been released. Used for organ-type keyboards, or when some ac- 
tion should not be initiated until the key invoking that action has been 
released. 

DELAY Provides a crude real time delay corresponding to the value of the ac- 
cumulator when called Can be used to cause display characters to 
blink, to momentarily flash information, to enable a buzzer, etc- Could 
also be used by the program when delays are needed, such as to stow 
down the computer reaction rate while playing a game against the 
human operator 

Fgure 6. Utility Subroutine Delinitions 
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Figure 7. Subroutine interrelationships 
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Figure 8 Prototype System Schematic 
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ISIS- 1 1 MCS-48/UPI-41 MACRO ASSEMBLER, V2. PAGE 1 

AP4&: INTEL HCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 

LOC OBJ SE8 SOURCE STATEMENT 

1 tMACROFILE XREF 

2 $TITLE('AP48: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX') 

3 ; 

4 ;THE FOLLOWING SOFTWARE PACKAGE PROVIDES A SEVEN SEGMENT DISPLAV 

5 , INTERFACE FOR MICROCOMPUTERS I N THE INTEL MCS-4S FAMILY. 

6 • THE CODE IS WRITTEN SO THAT VARIOUS HARDWARE 

7 > CONFIGURATIONS CAN BE ACCOMODATED BY REDEFINING THE INITIAL VARIABLES, 

8 , IN MOST SITUATIONS, THE KEYBOARD/DISPLAY INTERFACE MILL BE REQUIRED TO 

9 IMPLEMENT MORE SOPHISTICATED SINGLE-CHIP SYSTEMS (CALCULATORS, SCALES- CLOCKS. 
16 ;ETC. ), UITH SECTIONS OF THE FOLLOWING CODE SELECTEG AND MODIFIED AS NECESSARY 

11 ;FOR EACH APPLICATION. 
12 

13 ,A SINGLE SUBROUTINE (CALLED REFRSH) IS USED TO IMPLEMENT BOTH THE DISPLW 
1 4 .; MULTIPLEXING AND KEYBOARD SCANNING, USING THE SAME SIGNAL BOTH 10 ENABLE 

15 ; ONE CHARACTER OF THE DISPLAY AND TO STROBE ONE FD/V OF THE X-Y KEY MATRIX. 

16 .; THE SUBROUTINE MUST BE CALLED SUFFICIENTLY OFEN TO ENSURE THE DISPLAY 

17 , CHARACTERS DO NOT FLICKER- AT LEAST 58 COMPLETE DISPLAY SCANS PER SECOND. 
1 8 ;T0 ACCOMODATE SWITCHES OF ARBITRARY CHEAPNESS, THE DE60UNCE TIME CAN BE 

I 9 , SET TO BE ANY DESIRED NUMBER OF COMPLETE SCANS. 

26 ;THUS THE DEBOUNCE TIME IS A FUNCTION OF BOTH THE SCAN RATE AND THE VALUE 

21 ,-OF CONSTANT 'DEBNCE". 

22 5 

23 I N THIS LISTING, THE INTERNAL TIMER IS USED 10 GENERATE INTERRUPTS THAT 

24 .; SERVE AS A TIME BASE FOR THE REFRESH SUBROUTINE. 

25 , ALTERNATE TIME BASES MIGHT BE AN EXTERNAL OSCILLATOR (DRIVING THE INTERRUPT 

26 ■ P I N OR POLLED BY A TEST CR INPUT PIN), A SOFTWARE DELAY LOOP IN THE BACKGROUND 

27 , PROGRAM, OR PERIODIC CALLS TO THE SUBROUTINE FROM THROUGHOUT I HE USER'S PROGRAM 

28 , AT APPROPRIATE PLACES. 

29 ■ IN THESE CASES, THE CODE STARTING AT LABEL TIINT (TIMER INTERRUPT) AND TIRET 
38 , (TIINT RETURN) COULD STILL BE LSD TO SAVE AND RESTORE ACCUMULATOR CONTENTS. 
21 ,THE INTEFRUFT SERVICING ROUTINE SELECTS REGISTER BANK 1 

12 ,FOR 1HE NEEDED REGISTERS. 

II i 

34 ■„ 

35 WRITTEN BY JOHN WHARTON, INTEL SINGLE-CHIP COMPUTER APPLICATIONS 

36 ; 

37 IEJECT 
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ISIS-II HCS-48/UPI-41 MACRO ASSEMBLER, V2.8 

AP4&: INTEL tCS-48 KEYBOARD/DISPLAY RPPLICflTION NOTE APPENDIX 

LOC OBJ SEfl SOURCE STATEKNT 

38 ,IN THIS IMPLEMENTATION OF THE DISPLAY SCAN) IT IS ASSUMED THAT THERE WILL 
59 ;BE RELATIVELY LITTLE l/<QTJER THAN FOR THE KEYBOARD/DISPLAY. 

40 IF THIS IS THE CASE, THEN THERE IS NO NEED FOR FOR ANY ADDITIONAL EX1ERNAL 

41 ; LOGIC (SUCH AS ONE+-EIGHT DECOMRS OR SEVEN-SEGMENT ENCODERS), THOUGH 

42 ; THERE WILL STILL BE A NEED FOR CURRENT CR YOLTAGE DRIVERS, ACCORDING TO 

43 .; THE TYPE OF DISPLAY BEING USED. 

44 , 

45 ;1N THIS LISTING, THE PROCESSOR I/O FORTS ARE LOGlCflLLV DIVIDED A5 FOLLOWS: 

46 ; 

47 ; PDIGIT-EIGHT Bf PORT USED TO ENABLE. ONE AT A TIC, THE INDIVIDUAL 

48 CHARACTERS OF AN EIGHT DIGIT SEVEN-SEGMENT DISPLAY, WHILE ALSO 
4? ; STROBING THE ROUS OF AN X-'i MATRIX KEYBOARD 

50 ; BIT? ENABLES THE LEFTMOST CHARACTER AND THE BOTTOM ROM OF THE k'BD, 

51 ; BIT4 ENABLES THE TOP ROW OF THE 4X4 KBD AND THE FOURTH CHARACTER, 

52 ; BIT© ENABLES THE RIGHTMOST CHARACTER. 

53 ; (A 4X3 KEYBOARD COULD BE STROBED BV ALSO USING BIT3-BIT9 

54 ; AND EXTENDING OR ELIMINATING THE TABLE, 1EGNDS". ) 

55 ; THE ENABLING OF ONE BIT (ACTIVE HIGH OR LOW) IS ACCOMODATED BY 

56 ; ACCESSING A LO@#-UP TABLE CALLED CHRSTB 

57 , THIS TECHHIQIJE TAKES ABOUT FOUR BYTES MORE ROM THAN A TECHNIQUE 
58; OF ROTATING A 'ONE' THROUGH A FIELD OF 'ZEROES IN THE ACC 

59 ; AN APPROPRIATE NUMBER CF TIMES, BUT IT aLOWS SOME ADDITIONAL 

60 .: FLEXIBILITY: I F THE DRIVERS BEING USED WVE A COMBINATORIAL INPUT 

61 ■ (AS IN THE 754% FWILY OF HIGH-CURRENT, HIM-VOLTAGE DRIVERS), 

62 ; THE CHKSTB TABLE COULD PROVIDE ENCODED OUTPUTS. NINE DIGITS) FOR 

63 ; EXAMPLE, COULD BE ENABLED WITH SIX BITS OF (BUFFERED? OUTPUT: 

64 (001001, 001010, 001100, 010001, 010010, 010100, 100001, 100018, 100100) 

65 ; IF I/O LINES NEED TO BE CONSERVED, OR I F MANY DIGITS 

66 ; MUST BE DISPLAYED, AN EXTERNAL DECODER COULD BE ADDED TO THE SYSTEM 

67 ; DURING CHARACTER TRANSITIONS A 'BLANK' CHARACTER IS 

68 ; EXPLICITLY WRITTEN TO THE DISPLAY. THUS, 

64 i THERE MILL BE NO CHARACTER 'SHADOWING' CAUSED BY THC. 

70 i FFtCT THAT THE HARDWARE CR SOFTWARE DECODER KEEPS ONE 

71 , OUTPUT, AND THUS ONE CHARACTER, ACTIVE AT FILL TIMES. 

72 , 

73 .;PSGHNT-EIGHT BIT PORT TO ENABLE THE SEVEN SEGMENTS & D. P. OF A STANDARD 

74 i DISPLAY. 

75 , BIT7-BIT0 CORRESPOND TO THE DP AND SEGMENTS G THRWGH A, RESPECTIVELY 

76 ■ I T I S POSSIBLE TO ACCOMODATE 

77 ; DRIVERS WHICH ARE EITHER LOGICALLY INVERTING OR NON- INVERTING BY 

78 : SETTING VARIABLE 'SEGPOL'" (SEGMENT POLARITY). 

79 j NOTE THRT BY HAVING ARBITRARY CONTROL OVER EACH SEGMENT, NON-NUMERIC 
88 i CHARACTERS CAN BE REPRESENTED ON A SEVEN SEGMENT DISPLAY, 

8 1 i AS SHOWN IN EXAMPLE SUBROUTINE 'TE5T2'. 

82 ; 

83 $EJECT 



6 



PAGE 3 



ISIS- II MCS-48/UPI-41 MACRO ASSEMBLER, V2.0 

AP48: INTEL MCS-48 KEVBOftRO/D I SPLAY APPLICATION NOTE APPENDIX 

LOG OBJ SEQ SOURCE STATEMENT 

84 > PINPUT-FOUR HIGH-ORDER BITS USED A5 INPUTS FROM THE KEYBOARD RETURN LINES. 
35 ; ASSUMES THAT A KEY DOWN I N ThE CURRENTLY ENABLED ROW WOULD RE1URN 

86 ; A LOW LEVEL. 

87 ; IN THIS CASE, BIT7 RETURNS THE LEFTMOST COLUMN, BIT4 THE RIGHTMOST. 

88 i THE HIGH-ORDER BITS ARE USED SO THAT I F AN OFF-CHIP DECODER I S USED 

89 f TO ENABLE UP TO 1 6 CHARACTERS, FOR EXAMPLE,. IT COULD BE DRIVEN BY 
98 i THE LOW ORDER BITS OF THE SftME PORT. 

9 1 ; NOTE ALSO THAT I F A SIXTEEN KEV MATRIX' HERE ELECTRICALLY ORGANIZED 

92 ; I N A 2X8 ARRAY, ONLY TWO RETURN LINES WOULD BE NEEDED. 

93 ; (IN THIS CASE, PERHAPS T8 WD Tl COULD BE USED FOR INPUT BITS. ) 
H i 

95 ; PULL-UP RESISTORS ON THE RETURN LINES NIGHT BE IN ORDER I F THERE IS ANY 
% POSSIBILITY OF A H 1 GH- 1 HPEDEMCE CONDUCTIVE PATH THROUGH THE SWITCH WHEN 

97 > I T IS SUPPOSED TO BE 'OPEN". 

98 (THIS PHENOMENON HAS ACTUALLY BEEN OBSERVED. ) 

99 ; 

109 * THE DRIVERS USED IN THE PROTOTYPE WERE K L NON-INVERTING IN THAT 

101 .;fl HIGH LEVEL ON AN OUTPUT LINE IS USED TO TURN A CHARACTER CR SEGMENT ON. 

182 ; THERE ARE A TOTAL OF SEVEN 1X8 LINES LEFT OVER. 

103 ; 

184 ;THE ALGORITHM FOR DRIVING THE DISPLAY USES A BLOCK OF INTERNAL RAM 

185 ; AS DISPLAY REGISTERS, WITH ONE BYTE CORRESPONDING TO EACH CHARACTER OF THE 

196 ; DISPLAY. THE EIGHT BITS OF EACH BYTE CORRESPOND TO THE SEVEN SEGMENTS & DP 

197 ;OF EACH CHARACTER. I F AN EX1ERNAL ENCODER IS USED (SUCH AS A FOUR-BIT TO 

188 SEVEN-SEGMENT ENCODER OR A ROM FOR TRANSLATING ASCII TO 

189 fSIXTEEN-SEGMENT "STARBURST" DISPLAY PATTERNS), THE TABLE ENTRIES WOULD HOLD 
119 ;THE CHARACTER CODES. (IN THE FORMER CASE, AN UNUSED BIT COULD BE USED TO 

111 , ENABLE THE D. P. ) 

112 ;THUS, WRITING CHARACTERS TO THE DISPLAY FROM THE BACKGROUND PROGRAM 

113 .' REALLY ENTAILS WRITING THE APPROF'RIATE SEGMENT 

114 PATTERNS TO A DISPLAY REGISTER- THE ACTUAL OUTPUTTING IS AUTOMATIC. 

115 ; THE LEFTMOST CHARACTER CORRESPONDS TO THE LAST BYTE OF THE DISPLAY 

1 1 6 REGISTERS, AND IS ACCESSED BY NEXTPL=8 (SEE SOURCE); THE RIGHTMOST 

117 ; CHARACTER IS THE FIRST DISPLAY BYTE, #£N NEXTPL=1 

118 .^UTILITY SUBROUTINES ARE INCLUDED HERE TO TRANSLATE FOUR BIT NUMBERS TO HEX 

119 i DIGIT PATTERNS: AND WRITE THEM INTI? THE DISPLAY REGISTERS SEQUENT IALLY 
129 ; (EITHER FILLING FROM THE LEFT- H. P. CALCULATOR STYLE OR FROM THE 

121 ; RIGHT- T. I. STYLE; SUBROUTINES WDISP AND RENTRY, RESPECTIVELY!. 

122 i 

123 ;THE KEYBOARD SCANNING ALGORITHM SHOWN HERE REQUIRES A KEY BE DOWN FOR 

124 ;SOME NUMBER OF COMPLETE DISPLAY SCANS TO BE ACKNQWLEGED. SINCE IT IS 

125 ; INTENDED FOR 'ONE-FINGER OPERATION, TWO-KEY ROLLOVER/N-KEY LOCKOUT HAS 

126 ; BEEN IMPLEMENTED. HOWEVER, MODIFICATIONS WOULD BE POSSIBLE TO ALLOW, FOR 

127 ; EXAMPLE, ONE KEY IN THE MATRIX TO BE USED HS A SHIFT KEY CR CONTROL KEY 

128 ,TO BE HELD DOWN WHILE ANOTHER KEY IN THE MATRIX IS PRESSED. (SEE NOTE WITHIN 

129 ; THE BODY OF THE LISTING. ) 
139 ; 

131 IEJECT 
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ISIS- 11 MCS-48XUP 1-41 MACRO ASSEMBLER, V2. 9 PAGE 4 

AP46: INTEL MCS-48 KEYBOARD/DISPLAY RPPLICRTION NOTE APPENDIX 

LOC OBJ SEO SOURCE STATEMENT 

132 > (BE AWARE THAT NO MORE THAN TWO KEYS CAN EVER BE DOW UNLESS DIODES 

133 i ARE PLACED IN SERIES WITH ALL CF THE SWITCHES- CERTAINLY NDT THE CASE FOR EL 

134 ■ CHEAPO KEYBOARDS- BECAUSE SOME COMBINATIONS CF THREE KEYS DOAN WILL RESULT 

135 i\H H 'PHANTOM'' FOURTH KEY BEING PERCEIVED. 

136 .THE PHANTOM KEY WOULD BE THE FOURTH "'CORNER' WHEN THREE KEYS FORMING 

137 ;A RECTANGULAR PATTERN (IN THE X-Y KEY MATRIX) ARE DOWN. ? 

138 , 1 F DIODES ARE PLACED IN THE SCANNING ARRAY, CONSIDERATIONS MUST BE MADE 

139 ..ABOUT HOW THE DIODE VOLTAGE DROP WILL AFFECT INPUT LOGIC LEVELS. 
148 , 

141.; WHEN A DE60UNCED KEY IS DETECTED, THE NUMBER OF ITS POSITION IN THE KEY 

142 .; MATRIX (LEFT-TO-RIGHT, BOTTOH-TO-TOP, STARTING FROM 89) IS PLKED INTO 

143 • RAN LOTION 'KBDBUF'. AN INPUT SUBROUTINE THEN NEED ONLY READ THIS LOCATION 

144 REPEATEDLY TO DEI ERMINE VvPBJ A KEY HAS BEEN PRESSED. WEN h KEY IS DETECTED, 

145 .-A SPECIAL CODE BYTE SHOULD E WRITTEN BACK TO INTO 'KBDBW TO PREVENT 

146 ; REPEATED DETECTIONS OF THE SAME KEY. 

147 ;THE ROUTINE 'KBDIN' DEMONSTRATES H TYPICAL INPUT PRG1GCOL ALONG WITH A METHOD 

148 ,FOR TRANSLATING A KEY POSITION 10 ITS ASSOCIATED SIGNIFICANCE BY ACCESSING 

149 ; TABLE 'LEGNDS' IN ROM. 
158 ; 

151 IEJECT 
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ISIS-II I1CS-48/UPI-41 MACRO ASSEMBLER, V2. PAGE 5 

AP48: INTEL MCS-4S KEVBOflRP^'DISPLRV APPLICATION NOTE APPENDIX 



LOC OBJ 



SEQ 



SOURCE STATEMENT 



8818 
8089 



0000 

80FF 
8688 

8000 
00F8 

0908 

8804 
8884 

FFF0 

0894 
0800 



800F 



152 
152 
154 
155 
156 
15? 
158 
159 
160 
161 
162 
163 
164 
16.5 
166 
16? 
168 
169 
178 
171 
172 
17! 
174 
175 
176 
177 
178 
17? 
189 
181 
182 
183 
184 
185 



INITIAL EQUATES TO DEFINE SYSTEM CONFIGURATION 



PDIQIT EQ1) 

PSGMNT EQU 
P INPUT EQU 



POSLOG EQIJ 

NEGLOG EQU 

CHRPOL EQU 

SEGPOL EQU 

INPMSK EQU 

CHfiRNO EQU 

NPOWS EQU 

NCOLS EQU 



TICK 

DEBNCE 

BLANK 



EQU 
EQU 
EQU 



ENCMSK EQiJ 
REJECT 



BUS ;USED TO ENABLE CHARACTERS AND STROBE ROWS OF KEYBOARD 
Pi ;USED TO TURN ON SEGMENTS OF CURRENTLY ENABLED DIGIT 
P2 -PORT USED TO SCAN FOR KFt' CLOSURES 

,(NOTE THAT THIS PORT ALLOCATION USES THE HIGHER 
; CURRENT SOIJRCING ABILITY OF THE BUS TO SWITCH ON THE 
.;DIGIT DRIVERS, AND LERVES P23-P29 FREE FCR IJSING 
:RN 8243 PORT EXPANDER IN THE SYSTEM. > 



98H 
0FFH 



POSLOG ;DEFINES WHETHER OUTPUT LINES ARE ACTIVE HI OR LOW 
POSLOG /SFOR DRIVING CHARACTERS AND SEGMENT PATTERNS 
8F0H f DEFINES BITS USED RS INPUT 

8 ; NUMBER OF DIGITS IN DISPLAY 

4 ;POMS OF KEYS (LESS THAN OR EQUAL TO CHARNO) 

4 ; LESSER DIMENSION OF KEYBOARD MATRIX 

-19H .. DETERMINES INTERRUPT INTERVAL 

4 -NUMBER OF SUCESSIVE SCANS BEFORE KEY CLOSURE ACCEPTED 

09H , CODE TO BLANK DISPLAY CHARACTERS. 

; (WOULD BE 28H IF ASCII DECODING ROM USED CR 8FH I F 
; 7447-TYPE SEVEN-SEGMENT DECODER EXTERNAL TO 8748) 

@FH .; KLECTS WHICH BITS ARE RELEVANT TO ENCACC SUBROUTINE 
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ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER/ Y2. PAGE 
AP40: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE AFPENDIX 



LOC OBJ 



0681 



0821 
8*22 



0037 



SE6 

186 
187 
188 
189 
196 
191 
192 
193 
194 
195 
1% 
197 
198 
199 





200 ,PNTR8 


EOU 


R0 




291 ;PNTR1 


EQLI 


Rl 


0002 


202 ASAVE 


EQU 


R2 


8004 


283 ROTPAT 


EQU 


R4 


0805 


284 RUTCNT 


EQU 


R5 


8806 


205 LflSTKV 


EQU 


R6 


0887 


2B6 CURDIG 


EQU 


R7 



287 
208 
289 
218 
211 
212 
213 
214 
215 
216 
217 
218 
219 
228 
221 
222 
223 
224 
225 
226 
227 
228 
229 
239 
231 



SOURCE STATEMENT 

t 

i BANK 9 REGISTERS USED 

/POINTERS USED FOR INDIRECT RAM ACCESSING: 
PNTR8 EQU R0 
PNTR1 EQU Rl 

NEXTPL EQU R7 i USED TO KEEP TRACK OP CHARACTER POSITION BEING 
, WRITTEN INTO 

i BANK 1 REGISTER ALLUCRTIUN 

(ALREADY DEFINED) 

; HOLDS ACCUMULATOR VALUE DURING SERVICE ROUTINE 
;USED TO HOLD INPUT PATTERN BEING ROTATED THROUGH CV 
; COUNTS NUMBER OF BITS ROTATED THROUGH CV 
; HOLDS KEY POSITION OF LRST KEY DEPRESSION DETECTED 
i HOLDS POSITION OF NEXT CHARACTER TO BE DISPLAYED 

DATA RRH ALLOCATION 



NREPTS ESU 32 , KEEPS TRACK OF SUCCESSIVE READS OF SAME KEYSTROKE 
KEVLOC EQU 33 ; INCREMENTED AS SUCCESSIVE KEY LOCATIONS SCANNED 
KBDBUF EQU 34 ; CARRIES POSITION OF DENOUNCED KEY FROM REFRSH ROUTINE 

; \ BACK TO BACKGROUND PROGRAM 
RMLRY EQU 35 ; NON-ZERO WHEN DISPLAY I N PROGRESS 

i THE LAST <CHARNO> REGISTERS HOLD THE DISPLAY SEGMENT PATTERNS 

S E W EQU (63-CHARNO) ; BASE OF REGISTER ARRAY FOR DISPLAY PATTERNS 

i\ (COULD BE ANYWHERE IN INTERNAL RAM) 

NOTE THAT LflSTKV, CURDIfc AND Fl RETAIN STATUS INFORMATION FROM 
ONE INTERRUPT TO THE NEXT. ALL OTHER REGISTERS MAY BE USED I N 
; THE UKR'S OWN INTERRUPT SERVICING ROUTINE 

f 

$EJECT 
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ISIS-II HCS-48/UPM1 MACRO ASSEMBLER, V2. 9 PAGE 7 

W4 0: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 



LOC OBJ SEQ SOURCE STATEMENT 

232 
234 ; 

0000 235 org wm 

mm 0469 23b JMP INIT 

237 ; 

238 , 

240 i 

8067 241 ORG 087H 

242 , 

243 ;TIINT TIMER INTERRUPT SUBROUTINE. 

244 ; CALL MADE TO LOC 0«7H WHEN TIMER TIMES OUT. 

245 ; TIBER CHN BE RE-INITIRLLI ZED AT TUB POINT IF DESIRED. 

246 :■ USED HERE TO CAUSE THE DISPLAY REFRESH AND KEY SCAN ROUTINES TO 

247 , BE CALLED PERIODICALLY. 
0007 D5 248 T I INT: SEL RBI 

sees HA 249 tiov asave,r 

9809 23F9 250 MOV A,#TICK 

8096 62 251 MOV T,A ; RELOAD TIMER INTERVAL 

252 ; 

253 ,; ****++****+***+**+**++***************+** 

254 ; 

255 ; THE USER'S OWN TIMER INTERRUPT ROUTINE (IF IT EXISTS? COULD 

256 .■ BE PLACED AT THIS POINT 

257 i 

258 ; ****+*M<*****#****jW^ 

259 ; 

000C 1410 260 CALL REFRSH ; CRUSE DISPLAY TO EE UPDATED 

261 ; 

262 i THE COMPLETE INTERRUPT ROLITINE SHOULD BE COPIED HERE 

263 i TO SRVE A FULL LEVEL OF SUBROUTINE NESTING. 

264 ; IT HAS NRITTEN AS A SUBROUTINE HERE FOR THE SAKE OF CLARITY. 

265 ; 

266 j #**#**#********#********^^ 

267 .: 

268 . ; TIRET TIMER INTERRUPT RETURN CODE- RESTORES HCC VALUE 
000E FA 269 TIRET: MOV A.-HSRVE 

980F 93 270 KETR 

271 ; 

272 SEJECT 
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ISIS- 11 MCS-48/UPI-41 MACRO ASSEMBLER, V2 PAGE 8 

RP48: INTEL MCS-48 KEVBORRO/D I SFLflV APPLICATION NOTE APPENDIX 



LOC OBJ SEG SOURCE STATEMENT 

273 ******************************w*++***:m**w 

274 i REFRSH SUBROUTINE TO MULTIPLEX SEVEN-SEGMENT DISPLAYS. 

275 ; EACH CALL CAUSES THE NEXT CHARACTER TO BE DISPLAYED, 

276 ; ACCORDING TO THE CONTENTS OF THE SEGMAP REGISTER ARRAY 

277 , REFRSH SHOULD BE CALLED fi7 LEAST EVERY MSEC OR SO. 

278 ;****+*******>M*+*m'm*********w 

279 ; 

O01O 2300 280 REFRSH: NOV A, #6LANK XOR SEGPOL 

0812 29 281 OUTL PSGMNLA ; WRITE BLANK PATTERN TO SEG DRIVERS 

9012 2357 282 REFR1; MOV AtCHRSTB /LOOK UP DIGIT ENABLE PATTERN 

8015 6F 283 ADD fl, CUROIQ i ADD CURD IG DISPLACEMENT 

6016 A2 284 MGVP A,SA ..ENABLE ONE BIT OF ACCUMULATOR 

0017 02 285 OUTL PDIGIT, A > ENERGIZE CHARACTER 

286 ; 

287 ; WRITE NEXT SEGMENT PATTERN 

0018 2337 288 MOV A, ISEGMAP LOAD BASE OF REGISTER ARRAY 
801A 6F 289 ADD A,CURDIG ;ADD CURDIG DISPLACMENT 
001B A9 290 MOV PNTRl, A 

001C Fl 291 MOV A 9PNTR1 ; LOAD ACC W NEXT SEGMENT PATTERN 

001D 39 232 OUTL PSGMNT, H , ENABLE APPROPRIATE SEGMENTS 

292 , 

294 ,********+*********+***+******+*********** 

295 i THE NEXT CHARACTER IS NOW BEING DISFLHYED. 

296 ; THE KEYBOARD SCAN ROUTINE IS INTEGRATED INTO THE DISPLHY SCAN. 

297 .; WITH THE CURRENT ROW ENERGIZED, CHECK I F THERE APE ANY INPU1S. 

298 i 

293 > 

O01E B821 288 SCAN: MOV PNTR0, #KEYLOC ; SET POINTER FOR SEVERAL K.EYLOC REFERENCES 

0020 OA 301 IN A, P INPUT ; LOAD HNY SWITCH CLOSURES 

382 i 

303 ,####################################«##################################### 

304 .;## THIS BLOCK OF CODE IS NOT NEEDED BY THE KEYBOARD SCAN LOGIC ### 

305 ;## HOWEVER, ITS INCLUSION MOULD SPEED THINGS UP A BIT BY ### 
1% ,## SKIPPING OVER ROWS IN WHICH NO KEYS APE DOWN. ### 

397 ;#t IT MAS OMITTED HERE TO CONSERVE ROM SPACE, BUT MIGHT BE ### 

398 ,## RESTORED I F VERY LARGE KEYBOARDS (ESPECIALLY THOSE WITH EIGH1 i## 
209 ,#t KEYS PER ROW) ARE TO EE USED WITH THIS ALGORITHM. ### 

310 -.mmmmmmmmmmmmmmmmmmmmmuumMn 

A ; ANY CLOSURES DETECTED ARE NOW ONE BITS ### 

A, #INPMSK m 

SOW. »-IF fl KEY IN THE CURRENTLY ENABLED ROW IS DOWN ### 

NO KEY IS NOW DOWN 50 THE KEYLOC COUNT DRY BE UPDATED DIRECTLY #»# 

A, l»PNTRO ### 

A,#NCOLS ### 

0PNTR8, A ### 

scans m 

319; #############|#######(t#############i)t##)t#)t################»*###*##lt####### 

220;## IF THIS CODE IS USED, SUBSTITUTE THE "JC SCAN5'' FOUR LINES ### 
221 >## HENCE WITH 'JNC SCAN5" TO ACCOMODATE THE INVERTED POLARITY ### 

322 ;***####*#»*#»#•###*###««•##*»#»###########################•####«*#**#####* 

323 JEJECT 



311 


;## 


CPL 


312 


.;## 


ANL 


312 


;## 


JNZ 


314 


, ##; 


NO KEY 


315 


.;## 


MOV 


316 


>#l 


ADD 


317 


;## 


MOV 


218 


■>n 


JMP 
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ISIS-I I MCS-48/UP1- 41 HflCRO ASSEMBLER, V2. 8 PAGE 9 

AP48: INTEL MCS-48 KEVBOflRD/D I SPLfiV APPLICflTIOM NOTE WENDIX 



LGC OBJ SEG SWRCE STflTERENT 

325 i RUATE BITS THROUGH THE CY WHILE INCREMENTING KEYLOC. 

326 ■ ******•♦•♦* **************+***«****************************** 

327 ; 

8021 6DB4 323 SCflNl: MOV 

0023 F? 329 NXTLOC: RLC 

6024 AC 338 MOV 

0925 F63F 331 JC 







33? 

U U t. 








333 








334 








335 


AT THIS POINT IT HAS JUST BEEN DETERMINED THAT THE VALUE 






336 


; OF KEYLOC IS THE POSITION OF A KEY WHICH 1 S NOW DOWN 






337 


, THE FOLLOWING CODE DEBOUNCES THE KEY, ETC. 






338 


; 1 F MODIFICATIONS TO THE KEYBOARD LOGIC, 1. E. THE INCLUSION 








, OF h SHIFT CONTROL! Ofi MODE KEY 1 N THE KEY MATRIX ITSELF? 

I \J\ II \J 1 1 1 1 I . wl N 1 1 1UL! wi 1 1 WL 1 \l— 1 111 II ll_ r\t ■ | || 1 1 r\ 1 1 » 1 1 UL LI 






340 


ARE DESIRED. THEY SHOULD BE MADE AT THIS POINT BEFORE 






341 


; THE DEBOUNCE LOGIC BEGINS. FOR EXAMPLE, AT THIS POINT 






342 


.: KEYLOC COULD BE COMPARED AGAINST THE POSITION OF THE MODE 






343 


KEY: AND 1 F THEY MATCH SET SOME FLAG BIT AND JUMP TO 






344 


; LABEL 'SCANS'. OR BY COMPARING KEYLOC AGAINST THE LAST 






345 


; KEY DEBOUNCED, IMMEDIATE TWO-KEY ROLLOVER COULD BE 






346 


IMPLEMENTED. 






347 








345 








349 




8927 


A5 


350 


CLR Fl ; MARK THAT AT LEAST ONE KEY WAS DETECTED 


8828 


B5 


351 

352 


CPL Fl .. \ IN THE CURRENT SCAN 






353 








354 


A KFVSTROKE WHS LfclECiFD FOR THE CURRENT ' OLUMN. ITS 






355 


.; POSITION IS IN REGISTER KEYLOC. SEE IF SAME KEY SENSED LAST CYCLE. 






3-56 








357 




8829 


F8 


355' 


MOV A,(?PNTR8 i PNTR8 El 1 L L HOLDS IKE'YLOC 


802A 


2E 


359 


m A, LASTKY 


882B 


DE 


368 


XPL A, LASTKY 


M2C 


B820 


361 


MOV PNTR8, INREPTS .• PREPARE TO CHECK AND /OR MODIFY REPEAT COUNT 


892E 


C634 




jZ SCAN3 






363 








364 


IEJECT 



R0TCNT,#NC0LS ;K T UP FOR <NC0LS> LOOPS THROUGH 'NXTLOC' 
A 

ROTPAT, A ;SAVE SHIFTED BIT PATTERN 

SCAN5 ; ONE BIT IN CV INDICATES KEY NOT DOWN 
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ISIS- 11 MCS-48/UPI-41 MACRO ASSEMBLER, V2. 9 PAGE 18 

AP49: INTEL HCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 



LOC 


oej 


SEC 




SOURCE STATEMENT 






J-V'J 












A DIFFERENT KEY HAS READ CN THIS CYCLE THAN ON THE PREVIOUS CYCLE. 






?£7 




SET NREPTS TO THE DEBOUNCE PARAMETER FOR A N3/V COUNTDOWN. 






TfiQ 




aaia 




ouc? 

T7R 
o/o 




MOV 


PPNTR8, #DE6NCE 






o / I 




JMP 


SCANS 






01 C 


j 










10 








0/4 




SAME KEY HAS DETECTED AS ON PREVIOUS CYCLE 






Q7K 
o/o 




LOOK AT NREPTS; I F ALREADY ZERO.. DO NOTHING. 






o/o 


j 


ELSE DECREMENT NREPTS. 






177 
oil 




IF THIS RESULTS IN ZERO, MOVE LflSTKV INTO KBDBUF. 






77ft 








379 










F0 


oou 


SCAN3: 


MOV 


A, 9FNTR8 


sens 


rev 


I 




JZ 


SCRN5 ; I F ALREADY ZERO 




07 


^9 

OO*- 




DEC 


A ; INDICATE Cf€ MORE SUCCESIVE KEY DETECTION 




A0 


000 




MOV 


0PNTR0, A 


6839 


963F 


^4 




JNZ 


SCANS ; I F DECREMENT DOES NOT RESULT I N ZERO 


003R 


r u. 


OLXJ 




MOV 


A, LRSTKY 


893C 


B822 


386 




MOV 


PNTRe.. #KBD6UF 


883E 


A9 


387 




MOV 


9PNTR6, A ; TO MARK NEW KEY CLOSURE 






388 








003F 


B821 


U U J 


SCAN5: 


MOV 


PNTR«,#KEVLOC 


9941 


18 


v70 




INC 


9PNTR9 


vv^fc 


FP 


V? I 




MOV 


A> ROTPflT 


mi 


ED23 


392 




DJNZ 


ROTCNT-NXTLOC 






393 
394 








8045 


EF57 


395 


SCAN6: 


DJNZ 


CURDIG, SCANS 






396 












397 


$EJECT 
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ISIS-II HC5-48/UPI-41 MflCRO ASSEMBLER, Y2.0 PAGE 11 

AP40: INTEL MCS-48 KEVBORRD/DISPLflV RF'PLICflTION NOTE APPENDIX 



LOC OBJ SEQ SOURCE STATEKNT 







Syij 








$77 








Af\f\ 

4UU 


TUC Cm 1 fUlTkif: PfiTiC CCPUCMT 1 C 1 ICCn DV TUC fCJDnODh CrOWWTWT; PHI IT IMC 
y Inc rULLUHlnu vwt odjMLIVII lo UotU bi I He f^tfDUnKU ^ntwlrw KUUIinc. 






A Q1 

4ol 


IT T£ CYCn ITCn HMI V ftETPD Q RCCRCQU CCfHkCkirr nc ui i 
.■ 1 1 J. j> LAcL/U 1 tU UNLi nrltK H ncrncon ^r'AttirP.-t UT MLL 






402 


) THE CWACTERS IN THE DISPLAY IS CUHPLETEO 






403 








484 




904? 


BF88 


405 


MOV CURDlij, #CHRRN0 


004? 


B888 


466 


MOV 0FNTR0, #0 ;PNTR8 STILL CUNTRINS #KEVLOC 


8048 


764F 


487 


JF1 SCRN8 ) JlJMP 1 F FWV K E K WERE DETECTED 


804D 


BEFF 


488 


MOV LflSTKV, K0FFH ; CHANGE (LflSTKV; WHEN NO KEYS BRE GQAM 


894F 


R5 


409 


sCnNo, CLR Fl 














AAA 

411 








Ai 
41 Z 


TUC MCVT TTlPiC CCPUCMT 1 C TUC TUTtDDI IPT—TiD TUCW DPiDTIPiM HE TUC 'PiCi QV' 
1 ML NcAl LUUt OdjMcIMI lo 1 ML IN 1 tKKUr 1 "UMYtfl rUHMUN Ur Int L>tLnT 






410 


I1TTI TT'J IT PiCrDridCklTt DQtA 1 Aj^OTTiTW 'DHIZI DV AMTC DCD HTCDI tlU CrOKI 

UllLllT. 1 1 ftLKtntNIb KHfT LUtnllUTi KULLKY UIMUL rLK LJl^rLHY oLMN 






414 


lr HtLAY lo NUI nLKtnL'Y itKU. 














410 








41 ( 


r}U> rN 1 hl> irKUtLnY 


OtJJt 


rl 


410 


I^JY t?rn i Kl 






4 IS 






07 


4£0 


her a 




ni 


4t I 


MOV APWTP1 A 








j 


wwr 


0? 


4^0 


CP A MO DCT 

oOANr. ntl 






4t4 
















4ZD 








427 


. CHRSTB 13 THE BHSE FOR fHE PfiTTERHS TO ENWLE ONE-OF-CHflRNO CHftRfiCTERS. 


6857 






CHRSitt Em Ki-1> RND 0FFH 




m 




[-'t ; t.W'Jotwyib xijk chrpoL/ 


8059 


82 


430 


de '.eeeeeeiee xor chrpolj 


085R 


94 


431 


db I'seeeeieee '<or chrpod 




68 


432 


[* ''880fH0«0B NOR CHRPOL) 


005c 


10 


433 


DB . 9ORl90ae& KOR CHRPOL) 


8P5D 


26 


434 


OB ''391O8009B XOR CHRPOL) 


905E 


48 


435 


DB (01008009B XOR CHRPOL) 


«05F 




436 


DB (1014000006 XOR CHRPOL) 






437 
435 


♦EJECT 
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IS IS- 1 1 MCS-48/UPI-41 HACRO ASSEMBLER, V2. 8 PRGE 12 

AP48: INTEL MCS-4R KEVBOARD/DISPLAV RPPLICATION NOTE APPENDIX 



LOC 


OBJ 


SEQ 




SOURCE STATEMENT 








439 


: INIT 


INITIALIZES PROCESSOR REGISTERS 


0669 


05 


448 


WIT: 


SEL 


RBI 




9861 


BF08 


441 




MOV 


CURD I ICHRRNO 




0063 


B822 


442 




MOV 


PNTR0, MCBDBUF 




0065 


B0FF 


443 




MOV 


PPNTR0, I0FFH 




0067 


B&21 


444 




MOV 


PNTR8,WCEVL0C 




0669 


B000 


445 




MOV 


PPNTR6, #9 




806B 


23F0 


446 




MOV 


A,#INPMSK 




mo 


3fi 


447 




WTL 


PINPUT, A 


;SET BIDIRECTIONAL INPUT LINES 


006E 


C5 


448 




SEL 


RB0 




806F 


149E 


449 




CALL 


CLEAR 


; UTILITY FOR SETTING INITIAL DISPLAV REGISTERS. 


6871 


A5 


458 




CLR 


Fl 




0072 


23F8 


451 




MOV 


A, XTICK 


:LOA[> INTERRUPT RRTE VALUE 


0074 


62 


452 




MOV 


LA 




8075 


55 


453 




STRT 


T 




0676 


25 


454 




EN 


TCNTI 


f ENABLE TIMER INTERRUPTS 






455 














456 














457 








458 














459 


;ECHO 


CHECK FOR ANY N3/V KEYSTROKES DETECTED. 






460 




TRANSLATE EACH KEYSTROKE INTO A SEGMENT PATTERN 






461 




HND WRITE IT INTO THE APPROPRIATE DISPLAV REGISTER. 






462 














463 








464 














400 


ECHO: 


CALL 


KBDIM 


GE1 NEXT KEYSTRME 


6079 


B231 


466 




JB5 


FKEY 


-JUMP IF KEY IN RIGHTHflND COLUIVM 






467 




SINCE THE flCC I S USED BY ENCflCC AND RENTRV, ITS CONTENTS MUST 






468 




BE PROCESSED OR SAVED BEFORE ENCflCC I S CALLED 


0076 


14Bfl 


469 




CALL 


ENCACC 


> FORM APPROPRIATE SEGNEN1 PATTERN 


007D 


14DB 


479 




CALL 


RENTRV 


j WRITE PATTERN INTO DISPLHY REGIS1ERS 


007F 


0477 


471 






ECHO 


f LOOP INDEFINITELY 


0881 


2480 


472 
473 


£ 

FKEV : 




FUNCTN 


>JUHP 10 OFF-PAGE CODE TO CRL DEW ROUTINE 






474 


i 












475 


$EJECT 
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I5IS-11 MCS-4S^UPI-41 MRCRO ASSEMBLER^ V2. 8 PAGE 13 

W49: INTEL HCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 



LOG OBJ SE6 SOURCE STATEMENT 







477 ; 










478 , 


THE FOLLOWING SUBROUTINES IMPLEMENT THE UTILITIES COmONLV USED FCR 






479 ; 


MOST KEYBOARDS I SPLAY APPLICATIONS. 






480 ; 


THEY COULD BE URD EXACTLY AS SHOWN HERE OR ADAPTED FCR SPECIAL CASES 






481 ; 
















/IRQ • 

too 












KEYBOARD INPUT SUBROUTINE. 






485 ; 


COULD BE USED TO IHTERFRCE THE USER'S BACKGROUND PROGRAM WITH 






486 ; 


THE INTERRUPT DRIVEN KEYBOARD SCANNER. 






4R7 ; 
to/ / 


RETURNS ONLY AFTER A NEW KEYSTROKE HAS BEEN DETECTED AND DEBOUNCED. 






488 


ENCODED 


VALUE OF KEY (RATHER THAN ITS POSITION IN SWITCH MATRIX) IS 






"•07 .' 


RETURNED IN THE flCCLWULfllOR. 






499 KBDIN: 


MOV 


PNTR1, #KBDBUF 




2384 


4?1 


MOV 


fi,#S0H jKBDBUF WILL BE HARKED AS CLEAR 


00*7 


21 




XCH 


A,i?PNTRl i LOAD BUFFER VALUE 


RRRR 
0000 


r£00 


493 


JB7 


KPDIN 


tWOn 




494 


ADD 


A #LEGNDS ; ADD BASE OF KEY ENCODING TABLE 


SO Or 


AR 
AO 


495 


MOVP 


A,. M ; OBTAIN BYTE REPRESENTING KEY SIGNIFICANCE 




83 


496 


RET 








497 ; 










498 ; 










499 ;LEGNDS 


I S THE BASE FOR TABLE SHOWING KEY MATRIX SIGNIFICANCE 






580 


RJi THE KEYBOARD USED I N THE PROTOTYPE. 






561 ; 


KEY LAYOUT I S AS SHDMI TO THE RIGHT. 






502 ; 
562 ; 


NOTE THHT BIT6-BIT4 MAY BE USED TO ENCODE KEY TYPE. IN THIS CASE: 






504 




BIT4 INDICATES REGULAR DECIMAL DIGITS, 






505 .; 




PITS INDICATES RIGHT-COLUMN FUNCTION KEYS, 






596 ; 
587 / 




BIT6 INDICRTES PUNCTUATION MARKS ( * AND # ). 


09SE 




508 LEGNDS 


EGU 


<$ AND OFFH) ; USE LOW ORDER BITS AS TABLE INDEX 


008E 


4F 


509 


DB 


4FH 


008F 


10 


518 


DB 


1@H 




4E 


511 


DB 


4EH 


9091 


28 


512 


DB 


28H PDIGIT4==> 1 2 3 <D 


0692 


17 


513 


DB 


17H 


0693 


18 


514 


DP 


18H ; PDIGIT5==> 4 5 6 <2> 


0694 


19 


515 


DB 


13H 


9095 


24 


516 


DB 


24H ; POIQIT6==> 7 8 9 <3> 


0096 


14 


517 


DB 


14H 


0697 


15 


518 


DB 


15H ; PDIGIT7==> * I <4> 


9098 


16 


519 


DB 


16H 


0099 


22 


520 


DB 


22H ; i ! i ! 


009fl 


11 


521 


DB 


11H ; ! ! ! i 


0O9B 


12 


522 


DB 


12H ; V V V Q 


O09C 


13 


523 


DB 


13H PINPUT7 PINPUT6 PINPUT5 PINPUT4 


0090 


21 


524 


DB 


21H 






525 SEJECT 
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ISIS-I1 MCS-48/UPI-41 MACRO ASSEMBLER, V2.9 PAGE 14 

RP46: INTEL MCS-43 KEYBOARD/DISPLAY flPPLICRTIOH NOTE APPENDIX 



LOC OBJ 



SOURCE STATEMENT 



809E 2300 
08A0 B928 
00A2 BF88 
80A4 fll 
80H5 19 
60A6 EFA4 
80AS BF88 
80AA 83 



0085 

0085 IE 

0086 5C 
88B7 74 
00B8 54 

00B9 00 



526 *****+**im****>M'*******^ 

527 ; 

WRITES 'BLANK'' CHflRflCTERS INTO ALL DISPLAY REGISTERS. 
RETURNS WITH NEXTPL SET TO LEFTMOST CHARACTER POSITION 
WRITES SEGMENT PFITTERN NOW I N ACC INTO ALL DISPLAY REGISTERS 



528 > CLEAR 
523 ; 
528 s F I L L 

531 CLEAR 

532 FILL 
533 

534 CLR1: 
525 
536 
537 
528 
52? 
548 
541 
542 
543 
544 
545 
546 
547 
548 



NOV MBLRNK XOR SEGPOL 

MOV PNTR1.. #SEGMRP+1 

MOV NEXTPL, ftCHARNO 

MOV 0PNTR1,A ; STORE THE BLRNK CODE 

INC PNTR1 .;POINT TO NEXT CHARACTER TO THE LEFT 

DJNZ NEXTPL, CLR1 

NOV NEXTPL, ICHflRNO 

RET 



PRINT 



SUBROUTINE TO COPY H STRING OF BIT PATTERNS FROM ROM TO THE 

DISPLRY REGISTERS. STRING STARTS AT LOCATION POINTED TO BY PNTR8. 

CONTINUES UNTIL AN ESCAPE CODE (8FFH) IS REACHED. 

NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED ON THE SANE 

PAGE AS THIS SUBROUTINE, SINCE SAME-PAGE MOVES ARE USED. 

PRINT IN TURN CALLS EITHER SUBROUTINE 'WDISF" CR 'RENTRY' 

TO ACTUALLY EFFECT WRITING INTO THE DISPLAY REGISTERS. 

;LOAD NEXT CHARACTER LOCATION 
; LORD BIT PATTERN INDIRECT 
; ESCRPE PATTERN 

..OUTPUT TO NEXT CHARACTER POSITION 
INSTEAD IF MESSAGE IS TO BE RIGHT JUSTIFIED! 
; INDEX POINTER 



,DONE 
557 ; 

ARRAY HOLDS THE PIT PATTERNS FOR THE LETTERS 'JOHN' (SEE 'TEST2') 
(NOTE THAT W I S WRITTEN I N LOWER CASE LETTERS) 



80AB F8 


549 PPINT: 


MOV 


A, PNTRB 


89HC A2 


559 


MOVP 


fl,8A 


00flD C6B4 


551 


JZ 


PRNT1 


80AF 14D0 


552 


CALL 


HDISP 




553 .;## 


(CALL 


RENTPY 


00B1 18 


554 


INC 


PNTRy 


86B2 84AB 


555 


JMP 


PRINT 


8084 33 


556 PRNT1 


RET 





568 .= JOHN 

561 ; 

562 JOHN 
563 

564 
565 
566 
567 

568 ; 

569 iEJECT 



EQU 

DB 

DB 

DB 

DB 

DB 



$ AND BFFH 
80011110B XOR SEGPOL 
01011108B XOP SEGPOL 
81110100B XOR' SEGPOL 
01019198B XOR SEGPOL 
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ISIS-I I NCS-48/UPI-41 MACRO ASSEMBLER, V2.0 PflGE 15 

W40: INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 



LOC OBJ SEQ SOURCE STATEHENT 







570 *****#*##********jMi************************+******w******* 






572 jENCACC ENCODES 


LSNIBBLE OF ACC INTO HEX BIT PATTERN INTO ACC 




■j.it,r 


573 ENCACC: 


ANL 


ft XENCHSK 








574 


ADD 


MDGPATS 






ro 


575 


MOVP 


A,0A 




wDr 


S"? 


576 


KET 










577 > DGPHTS IS THE BASE FOR THE TABLE OF SEGMENT PATTERNS FOR THE BASIC 






578 } DIG ITS. 


HERE THE FULL HEX SET C0-F> I S INCLUDED. 






579 ;F0R MAI 


W USER APPLICATIONS, THE CHARACTER SET MAY BE WENDED OR AUGMENTED 






588 ; TO INCLUDE ADDITIONAL SPECIHL PURPOSE PATTERNS. 






581 ; FORMAT 


IS 


P6FEDCBA 


1 N STANDARD SEVEN-SEGMENT ENCODING CONVENTION 






582 ; 






WHERE P REPRESENTS THE DECIMAL POINT 






583 [)GPATS 


EQU 


$ AND WFH 




fifing 




584 


DB 


08111111B XOR 


SEQPOL 




H6 


585 


DB 


00000110B XOR 


SEGPOL 




SR 


586 


DB 


01011011B XOR 


SEGPOL 


00C3 


4F 


587 


DB 


01001111B XOR 


SEGPOL 


80C4 


66 


588 


DB 


011981106 XOR 


SEGPOL 


08C5 


6D 


589 


m 


01181101B XOR" 


SEGPOL 


90C6 


7D 


598 


DB 


01111101B XOR 


SEGPOL 


68C7 


8? 


591 


DB 


90080111B XOR 


SEGPOL 


00C3 


7P 


592 


DB 


011111UB XOR 


SEGPOL 


00C9 


67 


593 


DB 


01100111B XOR 


SEGPOL 


eecfl 


77 


594 


DB 


01110111B XOR 


SEGPOL 


eecB 


7C 


595 


DB 


01111100B XOR 


SEGPOL 


OTCC 


29 


596 


DB 


90111001B >W 


SEGPOL 


00CD 


5E 


597 


DB 


010111106 XOR 


SEGPOL 


86CE 


79 


598 


DB 


01111001B Ml 


SEGPOL 


eecF 


71 


599 


DB 


01110001B XOR 


SEGPOL 






m ; 


















692 ; 












602 ; HDISP 


WRITES BIT PATTERN NOW IN flCC INTO NEXT CHARACTER POSITION 






604 ; 


Of THE DISPLAY (NEXTPL). ADJUSTS NEXTPL POINTER VALUE. 






605 ; 


RESULTS IN DISPLAY BEING FILLED 1 LEFT TO RIGHT, THEN RESTARTING 




A9 


606 HDISP: 


MOV 


PNTRLfl 




88D1 


FF 


68? 


MOV 


A, NEXTPL 




Wt>2 


8337 


698 


ADD 


A #SEGMAP 




08D4 


29 


609 


XCH 


A, PNTR1 




88D5 


fll 


610 


MOV 


0PNTR1, A 




0606 


EFDA 


611 


DJNZ 


NEXTPL, WDISPi 




90D8 


BF08 


612 


MOV 


NEXTPL.. tCHARNQ 


&8DA 


83 


613 HDISP1: 


RET 










614 ; 












615 $EJECT 
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I S I S - 1 1 HCS-4S/UP I -41 MACRO ASSEMBLER^ V2. 9 PAGE 16 

W4b: INTEL flCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 



LOC OBJ SEQ SOURCE STATENENT 

616. *****+*********++*********+*+***********♦****** 

617 ; 

618 ; RENTPY SUBROUTINE TO ENTER ACC CONTENTS INTO THE RIGHTMOST DIGIT 

619 :■ AND SHIFT EVERYTHING ELSE ONE PLACE TO THE LEFT 
08DB 628 RENTRV: MOV PNTR1, #SEGHftP+l 

88DD 6F08 621 MOV NEXTPL- ICHBRNO 

80DF 21 622 RENTR1: XCH A C'PNTRl 

06E0 1? 622 INC PNTR1 

00E1 EFDF 624 D,W NEXTPL, RENTR1 

00E2 BF08 625 MOV NEXTPL, #CHARNQ ; POINT TO LEFTMOST CHARACTER 

80E5 83 626 RET 

627 ; 

628" , ******+**+*#*+*****+***+*+*++*+*+*+****+♦**+++ 

638 • RDPHDD TOGGLE DECIMAL FONT IN LAST CHARACTER DISPLAY CHARACTER 
631 ;PPflOD TOGGLES DECIMAL FONT IN THE CHARACTER POINTED TO BY THE ACC 



63 



WiS 2291 


633 


RDFHDD: 


MOV 


A,#01H i SET INDEX TO RIGHTMOST POSITION 


89E8 0227 


634 


DPRDD: 


ADD 


A #SEGNAP .ACCESS DISPLAY REGISTER FOR DESIRED 


OfiER A3 


635 




MOV 


PNTR1, A 


80EB Fl 


626 




MOV 


A, 3PNTR1 


09EC D288 


637 




XRL 


A, #88H 


09EE HI 


628 




MOV 


0PNTR1, A 


80EF 83 


639 




RET 






648 


5 








641 






642 










643 


; HOLD 


SUBROUTINE CALLED HHEN KEY 1 S KNOWN TO BE DOWN. 




644 




WILL NOT RETURN UNTIL KEY IS RELEASED. 


08F0 D5 


645 


HOLD: 


SEL 


RBI 


PBFI FE 


646 




MOV 


A, LASTKY ;<LASTKV>=0FFH IFF NO KEYS DOWN 


80F2 C5 


647 




SEL 


RB9 


00F3 37 


648 




CFL 


A 


00F4 96F0 


649 




JNZ 


HOLD 


0OF6 82 


658 
651 




RET 






652 






653 










654 


DELAY 


SUBROUTINE HANGS UP FOR THE NUMBER OF COMPLETE DISPLAV SCANS 




655 




TO THE CONTENTS OF THE ACCUMULATOR WHEN CALLEG. 


0OF7 6923 


€56 


DELAY: 


MOV 


PNTR1..#RDELRV 


00F9 fll 


657 




MOV 


9PNTR1, A 


SOFA Fl 


658 


DELAY!: 


MOV 


A, <?PNTR1 


60FB 96FA 


659 




JNZ 


DEL AVI 


00FO 53 


660 




RET 






661 


REJECT 
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ISIS-II MCS-48/UF-I-41 HflCRO ASSEMBLER.- V2.9 PAGE 1 7 

RP40: INTEL MCS-48 KEYBOARD/DISPLAY APPLICHTION APPENDIX 

LOC OBJ SEQ SOURCE STATEMENT 



0199 




662 




100H 








663 












664 








665 












666 


.; THE CODE CN THIS PAGE IS FOP DEMONSTRATION PURPOSES QNLY- 






667 


1 TRIJELV DOUBT WITHER ANY END USERS MOULD LIKE TO SEE A NflHE 






668 


; POPPING UP ON THEIR CALCULATOR SCREENS. 






669 


; HOWEVER.. THE CODE SHOWN HERE DOES INDICATE HOW THE UTILITY SUBROUTINES 






679 


; INCLUDED HERE COULD BE ACCESSED. 






671 


;THE ROUTINES THEMSELVES HUE CALLED WHEN Q\E OF THE FOUR BUTTONS 






672 


J ON THE RIGHT-HAND SIDE OF THE PROTOTYPE KEYBOARD IS PRESSED. 






673 


t 










674 








675 












676 


iFUNCTN 


ROUTINE TO IMPLEMENT ONE OF FOUR DEMO UTILITIES, ACCORDING 






677 




TO WHICH OF THE FOUR FUNCTION KEYS HAS PRESSED 


0100 


1212 


678 


FUNCTN : 


•JB0 


FUNCT1 


0102 


320E 


679 




JB1 


FUNCT2 


0104 


520A 


680 




JB2 


FUNCT3 






681 








0106 


14E6 


682 


FUNCT4: 


CPLL 


RDPADD 


0108 


0477 


683 




JMP 


ECHO 






684 








010ft 


342E 


685 


FUNCT3: 


CKL 


TEST3 


010C 


0477 


686 




JMP 


ECHO 






687 








010E 


3424 


688 


FUNCT2: 


CHLL 


TEST2 


0110 


0477 


689 




JMP 


ECHO 






699 








0112 


3416 


691 


RJNCTl: 


CALL 


TEST1 


0114 


0477 


692 




JMP 


ECHO 






693 












694 








695 












696 


; TEST1 


CODE SEGMENT TO FILL DISPLAY REGISTERS WITH DIGITS DOWN TO 'V 


0116 


BF08 


697 


TEST1; 


MOV 


NEXTPL> CHflRNO 


0113 


B888 


698 




MOV 


PNTR8, #CHARNO .= SET FOR EIGHT LOOP REPETITIONS 


eiiH 


FF 


699 


TST11: 


MOV 


A,NEXTPL 


011B 


14BA 


799 




CALL 


ENCACC 


011D 


14D0 


701 




CALL 


HDISP 


011F 


ESifl 


702 




DJNZ 


TSTII ;COPY NEXT DIGIT INTO DISPLAY REGISTERS 


0121 


BF08 


m 




NOV 


NEXTPL, iCHARNO 


0123 


83 


764 




RET 








705 












786 


tEJECT 
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ISIS- 1 1 MCS-48/UPI-41 MACRO ASSEMBLER, V2.0 PAGE 15 

RP40. INTEL MCS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 

LOC OBJ SEQ SOURCE STATEMENT 



797 i *********************************^ 

798 ; 

789 ;TEST2 WRITES THE SEGMENT PATTERN FOR "JOHN' ONTO THE DISPLAY, 

718 ; WAITS RTt A WHILE, AND TH3SI CLEARS TFE DISPLAY 

711TEST2: MOV PNTR8, *J0HN 

712 CALL PRINT 

713 HOV A, #190 ;SCW DISPLAY KB 100 CNOES 

714 CALL WLAY 

715 JMP CLEAR 

716 ; 

717 ; ***+************************************************ 

718 ; 

719 ; TESTS SUBROUTINE TO FILL D1SPLAV WITH DASHES 
728 ; JUMPS INTO SUBROUTINE 'CLEAR' 

721 ; AS SOON AS THE KEY IS RELEASED. 

722 TEST3; MOV M01000000B XOR SEGPOL ; PATTERN FOR '-' 

723 CALL FILL 

724 CALL hOD 

725 JHP CLFAR 

726 .; 

727 .; *+**********************************^ 

728 ; 

729 END 



9124 B8B5 
0126 14AB 
0128 2364 
912A 14F7 
012C 649E 



012E 2349 
9139 14A0 
9132 14F9 
9134 849E 



LEER SYMBOLS 
ASAVE 0902 
DEBNCE 0094 
FILL 00A0 
IN1T 9060 
NCOLS 0804 
PNTR9 0909 
REFR1 0013 
SCANS m34 
TEST2 8124 



BLANK 9000 
MLAY mi 
FKEY 0981 
INPKSK 90F0 
NE6L0G 00FF 
PNTR1 9001 
FEFRSH 0010 
SCHN5 003F 
TEST3 012E 



CHARNO 0908 
DELAY1 00FA 
FUNCTi 0112 
JOHN 8685 
NEXT PL 0907 
POSLOG 0900 
RENTR1 99DF 
SCAN6 0945 
TICK FFF0 



CHRPOL 9000 
DGPATS 00C« 
FUNCT2 810E 
KBDBUF 0922 
f^FEPTS 9020 
PRINT OOAB 
FENTRY 00DB 
SCANS 094F 
TIINT 9007 



Q-FSTP 0057 
DPADD 00E8 
FIJNCT3 010A 
KBDIN 0083 
NROWS 9004 
PRNT1 09B4 
ROTCNT 0905 
SCAN9 8057 
T1RET 00OE 



CLEAR 099E 
EOO 0077 
FUNCT4 0196 
KEYLOC 0821 
NXTLOC 0023 
PSGMNT 0008 
ROTPAT 0004 
SEGMAP 0037 
TST11 011A 



ASSEMBLY COMPLETE, NO ERRORS 



CLR1 00A4 CURDIG 9897 

ENCACC 00BH FJCMEK 000F 

FUNC1N 0190 hOD 00F0 

LASTKY e006 LEGNDS 008E 

PDIGIT 8610 PINPUT 000? 

FDELAY 6023 RDPADD 90E6 

Sm B01E SCAN1 6821 

SEGPOL 0000 TEST1 0116 

WDISP 00D9 WD1SP1 00DA 
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ISIS-II ASSEMBLER SVNBOL CTO6S REFERENCE, Y2.0 PBGE 1 



527 612 621 625 697 698 782 
422 434 425 426 



441 



flSflVE 


282* 


249 


269 






BLANK 


1791 


288 


521 






CHflRNO 


1731 


228 


485 


441 


533 


CHRPOL 


169t 


429 


428 


431 


432 


ChRSIB 


282 


428* 








CLEAR 


449 


531* 


715 


725 




CLR1 


524# 


526 








CURDIG 


286* 


282 


289 


395 


485 


DEBNCE 


178# 


278 








DELRV 


6561 


714 








DELAV1 


6581 


659 








DGPflTS 


574 


582* 








OPflDD 


6341 










ECHO 


465* 


471 


682 


686 


689 


EHCACC 


469 


572* 


788 






ENCPISK 


182# 


572 








FILL 


5321 


723 








FKEY 


466 


472* 








FUNCT1 


678 


691* 








FUNCT2 


679 


688* 








FUNCT2 


680 


685* 








FUNCT4 


6821 










FUNCTN 


473 


678* 








HOLD 


6451 


649 


724 






INIT 


236 


448* 








INPM5K 


1711 


446 








JOHN 


5621 


711 








KBDBUF 


2141 


286 


442 


498 




KBDIN 


465 


498* 


492 






KEYLOC 


2131 


288 


289 


444 




LASTKY 


285# 


259 


268 


385 


488 


LEGMDS 


494 


588* 








NCOLS 


175* 


228 








NEGLOG 


167* 










NEXTPL 


1931 


522 


526 


537 


687 


NREPTS 


2121 


261 








NROWS 


1741 










NXTLOC 


3291 


292 








PGIGIT 


1581 


285 








PINPUT 


168# 


281 


447 






PNTR8 


1911 


288 


358 


361 


378 




549 


554 


698 


702 


711 


pntri 


1921 


298 


291 


417 


418 




623 


625 


636 


638 


656 


POSLOG 


1661 


169 


178 






PRINT 


549* 


555 


712 






PRNT1 


551 


556* 








PSGMNT 


1591 


2S1 


292 






RDELflV 


216* 


417 


656 






RDPflDD 


632* 


682 








REFR1 


282* 










REFRSH 


269 


288* 








RENTR1 


622* 


624 








PEYTRY 


479 


628* 









692 



646 



611 612 621 624 625 697 699 703 



388 383 386 387 389 390 406 442 443 444 445 

421 498 492 532 534 535 686 689 610 628 622 
657 658 
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ISIS-II ASSEMBLER SYMBOL CROSS REFERENCE, V2. 



PAGE 2 



ROTCNT 204# 228 292 

RQTPfiT 293# 220 291 

SCHN 206# 

SCflNl 228# 

SCHN3 262 289# 

SCANS 221 271 

SCAN6 295# 

SCAN8 487 409# 

SCAN? 295 419 

SEGMflP 228# 288 

SEGPOL 178* 280 531 563 564 565 566 584 585 566 58? 588 589 590 591 592 

592 594 

TEST1 691 697# 

TEST2 688 711# 

TEST2 685 722# 

TICK 177# 250 451 

T I INT 248# 

T1RET 269# 

TST11 699# 782 

HDiSP 552 606# 701 

WDISP1 611 613# 



281 


284 


289# 








423# 












522 


608 


620 


624 






521 


562 


564 


565 


566 


584 


595 


596 


597 


598 


599 


722 



CROSS REFERENCE COMPLETE 
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MICROCOMPUTER AND MEMORY COMPONENT 
SALES AND MARKETING OFFICES 



3065 Bowbts Avenue 
Sanla Clara, California 95051 
Tel: (409) 987-3080" " 
TWX: 910-336-C026 
TELEX: 31-5372 



U.S. AND CANADIAN SALES OFFICES 

ALABAMA 

Glen White Associates 



ARIZONA 

Intel Corp. 
8650 N. 35th Avenue 
Ph^erix 85021 
Tel: (602) 242-7205 

CALIFORNIA 

Intel Carp.- 
15335 Morrison 
Suite 345 

Sherman Oaks 91103 
(213) 986-9510 
TWX: 910-195-2015 
Intel Corp.' 
990 E. Arques Ave. 
Suile 112 
Sunnyvale 91086 
Tel: (108) 738-3070 
TWX: 910-339-9279 
TWX: 910-338-0255 

2578 Shaltuck 
Suite 4B 
Berkeley 947Q4 
Tel: (415) 843-7625 
Mac-I 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Earle Associates, Inc. 
4605 Mercury Street 
Suite L 

Sen Diego92111 
Tel: (714) 278-5141 
TWX: 910-335-1585 
Mac-I 

P.O. Box S763 
Fountain Valley 92708 
Tel. (714) 639-3341 
Mac-1 

20121 Ventura Blvd. 
Suite 24QE 

Woodland Hills 91364 
Tel: (213) 347-5900 
TWX- 910-494-4966 



Santa Ana 92701 
Tel: (714) 835-9842 
TWX:910-595-1114 

COLORADO 

Intel Corp.* 

6000 East Evans Ave. 

Bldn. 1, Suite 2G0 

Denver 80222 

Tel: (303) 758-6088 

TWX: 910-931-2289 



CONNECTICUT 

'ntel Corp. 
Peacock Alley 
1 Padanaram Road, Suite 146 
Danbury 06810 
Tel: (2C3) 792-B366 
TWX: 710-456-1199 

FLORIDA 

Intel Corp. 

10C1 N.W. 62nd Street, Suite 406 
Ft. Lauderdale 33309 
Tel: (305) 771-060C 
TWX- 510-956-9107 
Intel Corp. 

5151 Adanscn Street, SLile 1C5 
Orlando 32804 
Tel: (305) 628-2393 
TWX. 810-853-9219 

ILLINOIS 

Intel Corp.' 
900 Jone Boulevard 
Suite 220 
Oakbrook S0521 
Tel: (312) 325-9510 
TWX: 910-651-5881 

INDIANA 

Electro Reps Inc. 
941 E. 86th Street 
Indianapolis 46240 
Tel: (317) 255-4147 
TWX: 610-341-3217 
Electro Reps Inc. 
3402 N. Anthony Blvd. 
Ft. Wayne 48802 
Tel: (219) 482-3386 

IOWA 

Technical Representatives, Inc. 

St. Andrews Building 

1930 Si. Andrews Drive N.E. 

Cedar Rapids 52402 

Tei- (319) 393-5510 

KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite ilOO 
Lenexa 66214 
Tel: (913) 888-0212. 3, 3 4 
TWX- 910-749-6412 

MARYLAND 

Glen Wtiite Associates 
57 West Timonium Road 
Timonium 21093 
Tel: |3Q1) 252-6360 



Intti 



Corp 



7257 Parkway Drive 
Hanover 21076 
Tel: (3u1| 252-7742 
TWX: 710-232-1307 



EUROPEAN MARKETING OFFICES 



BELGIUM 

Intel inlernati 
Rue du Moulir 



FRANCE 

Intel Corporation, S-A.R.L * 
5 Place de la Balance 
Si lie 223 

94528 Rungis Cede* 
Tel: (01) 6B7 22 21 
TELEX: 270475 



ORIENT MARKETING OFFICES 

JAPAN 

Intel Japan Corporation* 
Flower Hlll-Shirmachi East Bldg. 
1-23-9, Shinmechi, Selagaye-ku 
Tokyo 154 
Tel. (03) 426-9261 
TELEX: 781-29426 



TAIWAN 

Taiwan Automation Co * 
2nd Floor, 224 
Nanking Easl Road 
Section 3 

Tel? (02) 7710940-3 
TELEX: 11942 TAIA'JTO 



INTERNATIONAL DISTRIBUTORS 



ARGENTINA 

S.I.E.S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Bjenos Aires 
Tel 35-6784 

AUSTRALIA 

A.J.F. Systems 4 Comporenls 

PTY. LTD. 

44 Prospect Fid. 

Prospect 5082 

South Ajstralia 17005 

Tel: 269-1244 

TELEX: 82635 

A.J.F. Systems & Components 

PTY LTD. 

39 Devlin St. 

Ryde, N.S.W 2112 

Tel: (02) 807-6878 

TELEX- 24906 

A.J.F. Systems & Components 
PTY LTD 
310 Oueen St. 
Melbourne, Victoria 3000 
Tel: (03) 679-702 
TELEX: 30270 

Warburlon-Franki (Sydney) Pty. Ltd. 
199 Parramalta Road 
Auburn, MS. W.2114 
Tel. 648-1711, 648-13&1 
TELEX- WAP.FRAM AA 22265 
Warburlon-Franki Industries 
(Melbourne) Pty. Ltd. 
220 Park Street 

South Melbourne, Victoria 3205 
Tel. 699-4999 

TELEX: WAR FRAN AA 31370 



AUSTRIA 

Bacher Elektn 
Meidlinger Ha 



e GeraleGmbH 



BELGIUM 

Inelco Belgium SA. 
Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel: (02) 6B0 00 12 
TELEX: 25441 

DENMARK 

Lyngso Komponent A/S 
Oslmarken 4 
2860 Soborg 
Tel: (01) 67 00 77 
TELEX 22990 
Scandinavian Semiconduc 
Supply A/S 
Nannasgade 1 8 
DK-2200 Copenhagen N 
Tel: (01) 63 SO 90 
TELEX: 19037 



SF 001 BO 
Helsinki 18 
Tel: (90) 664 451 
TELEX: 12426 

FRANCE 

Celdis 

53, Rue Charles Frerol 
94250 Gentiliy 
Tel: 581 00 20—581 04 6 
TELEX: 200 485 F 
Metrologie 
La Tour d'Asnieres 
4, avenue Laurent Cely 
92606 Asnieres 
Tei: 791 44 44 
TELEX: 611 448 F 
Tekelec Airtronic* 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 7535 
TELEX: 250997 



" "Note New Telephor 



MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite t 
Chelmsford 01824 
Tel; (617) 667-8126 
TWX: 710-343-6333 

MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel. (313) 353-0920 
TWX: 910-420-121 2 
TELEX: 2 31143 

MINNESOTA 

Intel Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 
Tel: (612) B35-6722 
TWX. 910-576-2867 

MISSOURI 

Technical Representatives, 

Trade Center Bldg. 

320 Brookes Drive. Suite 1C 

Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 

NEW JERSEY 

Intel Corp. 

1 Metroplaia Ofliee Bldg. 
505 Thornall SI. 



NEW MEXICO 

BFA Corporation 
312 West Parker Road 
Las Cmees 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Weslerlield, N.E 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 

NEW YORK 

Intel Corp." 

350 Vandeibilt Motor Pkwy. 
Suite 402 
Hauppauge 1 1787 
Tel. (516) 231-3300 
TWX: 510-227-6236 
Intel Corp. 
474 Thjrston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-734C 
TWX: 510-253-3841 



SCANDINAVIA 

Intel Scandinavia A/S" 
Lyrigbyvej 32 2nd Floor 
DK-2100 Copenhagen East 



Intel Sweden AB* 
Box 20092 
3-16120 Bromma 
Sweden 

Tel: (08) 96 53 90 
TELEX: 1 2261 



HONG KONG 

China Electronics 

Sea Bird House, 9th Fluor 

22-26 Wyndham Street 

Hong Kong 

SINGAPORE 

General Engineers Associates 
37, Hill Street 
Singapore 6 

GERMANY 

Alfred Neye Enalachnik GmbH 

Schillerstrasse 14 

D-2085 Quickborn-Hambuig 

Tal: (04106) B121 

TELEX: 02-13590 

Electronic 2000 Vertnebs GmbH 

Neumarkter Slrasse 75 

D-3000 Muenchen 80 

Tel: (089) 434061 

TELEX: 522561 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 

TELEX: 494426 

INDIA 

Electronics International 
126 Mahatma Gandhi Road 
Sec Hyderabad 
Tel: 73720 
TELEX: 015-363 
CABLE: G'JNTICO 

ISRAEL 

Eastronics Lid.' 
1 1 Rozanls Street 
PO. Bex 39300 
Tel-Aviv 
Tel: 475151 
TELEX: 33638 



Viale Elvezia, 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A.* 

Via Paolo Gaidano. 141 D 

10137 Torino 

TEL: {011)30 97 097 - 30 97 114 

Eledra 3S S P.A.* 

Via Giuseppe Velmarana, 63 

00139 Rome, Italy 

Tel: (06)81 27 290-31 27 324 

TELEX: 63051 



NEW YORK (cont.) 

4054 Newcourl Ave. 

Syracuse 13206 

Tel: (315)463-B592 

TWX: 710 541-0554 

T-squared 

042 Kreag Road 



P.O. E 



x W 



Pitlsford 14534 

Tel: (716) 246-5005 

TELEX: 97-82BS 

Intel Corp. 

85 Market Streel 

Poughkeepsie. New York 13601 

Tel: (914) 473-2303 

TWX 510-249-0080 

NORTH CAROLINA 

Glen White Associates 
37O0 Computer Dr„ Suite 330 
Raleigh 27609 
Tel: (919) 787-7016 

OHIO 

Intel Corp.* 

8312 North Main Streel 

Dayton 45415 

Tel- (513) 890-5350 

TWX'. 810-450-2528 

Intel Corp.* 

Chagrin-Brainard Bldg. 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 

OREGON 

ES/Chase Company 
4095 SW 144lh St. 

Tel: (503) 641-4111 

PENNSYLVANIA 

Intel Corp.* 
275 Commerce Dr. 
200 Office Cenler 
Suile 212 

Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-2077 

TENNESSEE 

Glen White Associates 
Rt. f 12, Norwood S/D 
Jonesboro 37659 
Tel (615) 477-6850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel- (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixoti 37343 
Tel: (615) 842-7799 



ENGLAND 

'ntel Corporation (U.K.) Ltd." 

Bioadfield House 

4 Between Towns Road 

Cowley, Oxford OX4 3NB 

Tel: (0865) 77 14 31 

TELEX: 837203 

Intel Corporation (U.K.) Ltd. 

46-50 Beam Streel 

Nantwich, Cheshire CW5 5LJ 

Tel: (0270) 62 65 60 

TELEX: 36620 



KOREA 

Koram Digital 
Room 411 Ahil Bldg. 
49-4 2-GA Hoehyun-Dong 
Chung-Ku, Seoul 
Leewood International, Inc. 
C.P.O. Box 4046 
112-25, Sokong-Dong 
ChuriQ-Ku, Seoul 



JAPAN 

Pan Electron 
No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-88T1 
TELEX: 781-4773 

Ryoyo Electric Corp. 
Kor.wa Bldg, 

1-12-22, Tsukiji, 1-Chome 

Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 

Nippon Micro Computer Co. Ltd. 

Mulsumi Bldg. 4-5-21 Kojimachi 

Chiyoda-ku, Tokyo 102 

Tel: (03) 230-0041 

NETHERLANDS 

Inelco Nederland 
AFDEIekironic 
Joan Muyskanweg 22 
NL-10O6 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Mattnew Avenue 

Glenn Innes, Auckland 

Tel: 587-037 

TELEX: NZ2763 

NORWAY 

Nordisk Elektronik (Ncge) A/S 

Muslads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX. 16963 

PORTUGAL 

Ditram 

Componenles E E'ectronica LDA 
Av. Migjel Bombarda, 133 
Lisboa 1 
Tel. 119 45 313 



TEXAS 

Intel Corp,' 
6/76 S.W. Freeway 
Suile 550 
Houston 77074 
Tel: (713) 764-3 400 
Mycrosyslems Marketing Inc. 
13777 N. Centra! Expressway 
Suite 405 
Dallas 75243 
Tel: (214) 238-7157 
TWX:910-8S7-4783 
Mycrosyslems Marketing Inc. 
6610 Harwin Avenue, Suite 1 25 
Houston 77036 
Tel: (713) 783-290C 
Intel Corp.* 
2925 L.B.J. Freeway 
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alias 75234 
Tel: (214) 241-9521 
TWX: 910-860-5487 

VIRGINIA 

Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 364-6920 
Glen White Associates 
R',. if1. Box 322 
Colonial Beach 22443 

Tel: (804) 224-4871 
WASHINGTON 

E.S. 'Chase Co. 
P.O. Box 80903 
Seattle 98108 
Tel: (206) 762-4824 
Twx: 910-444-22S8 

WISCONSIN 

Intel Corp. 
4369 3. Howell Ave. 
Milwaukee 53207 
Tel. (414) 747-0789 



CANADA 

Sui'e 233 P Bell Mews 
39 Highway 7 

Bells Comers, Ontario K2H 8B2 
Tel: (613) 829-9714 
TELEX 053-4419 
Mjltilek, Inc." 
ISGrenlell Crescent 
Otlawa, Onlario K2G 0G3 
Tel: (613) 226-2365 
TELEX: 053-4585 



GERMANY 

Intel Semiconductor GmbH 
Seidlstrasse 27 
8000 Muenchen 2 
Tel: (0B9) 5581 41 
TELEX: 523 177 
Intel Semiconductor GmbH 
Abraham Lincoln Strass 
8200 WiesDeden 1 
Tel. (06121) 74855 
TELEX: 04186183 
Intel Semiconductor Gi 
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P.O Box 1460 
7012 Fellbach 
Tel: (0711) 580082 
TELEX: 7254626 
Intel Vgrtriebsburo 
HindenburgerSlrasse 28/29 
3000 Hannover 
Tel: (0511) 852051 
TELEX: 0923625 



SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 

SPAIN 

Interface" 

Ronda San Pedro 22 



S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX 10547 

SWITZERLAND 

l .ndusl' , ade AG 
Gemsenslrasse 2 
Poslcheck 80 -21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX. 56788 

UNITED KINGDOM 

Rapid Recall, Ltd. 
11-15 Betterton Streel 
Drury Lane 
London WC2H 9BS 
Tel (01) 379-6741 
TELEX: 28752 
G.E.C. Semiconductors 
East Lane 
Wembley HA9 7PP 
Middlesex 
Tel: (01) 904-9303 
TELEX: 923429 
Jermyn Industries 

Sevenoeks, Kent. 
Tel: (0732) 50144 
TELEX: 95142 
Sintrom Electronics Lie 
Arkwriglit Road 
Reading, Berkshire 
RG2 0LS 
Tel . (0734) 85464 



* Field Application Location 
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3065 Bowers Avenue 
Santa C'ara, California 9505! 
Tel: (JOB) 987-80BO" - 
TWX 910-338-0026 
TELEX. 34-63.72 



MICROCOMPUTER AND MEMORY SYSTEM 
SALES AND MARKETING OFFICES 



U.S. AND CANADA SALES OFFICES 



ALABAMA 

Pen-Tech Associates, Inc. 
Holiday Office Center 
332? S Memorial Pkwy. 
Hi/ntsville 35801 
Tel: (205) 533-0090 
Glen While Associates 
7844 Horseshoe Trail 
Hunlsvill? 3580? 
Tel' (205) 833-9394 

ARIZONA 

BFA 

J426 NOrlh Saddle Baq Trail 
Scollsdale 85251 
Tel. (602) 994-5400 

8650 N 351H Avenue 
Phoenix 85021 
Tel (602) 242-7205 

CALIFORNIA 

Intel Corp.' 
15335 Mornson 
Sui'le 345 

Sherman Oaks 91403 
(213) 966-9510 
TWX: 910-495-2045 
Intel Corp.' 
990 E. Arques Ave. 

Suite 1 12 
Sunnyvale 9*1086 
Tel; (408) 739-3870 
TWX 910-339-9279 
TWX: 910-338-0255 

25/8 Shattuck 
Suile 45 
Berkeley 94704 
Tel 1 (415) 643-7625 



CONNECTICUT 

Compuler Markeung Association 
P O Box 1 72 
Fair Haven Station 
Mew Haven 06513 
Tel (203) 789-1013 

Peacock Allay 

1 Padanarsm Road, Suite 146 
Danbury 06810 



FLORIDA 

Pen-Tech Associates, Ine 
201 S.E. 15lh Terrace 
Deerdeld Beach 33441 
Tel (305) 421-4989 
Pen-Tech Associates, Inc. 
111 So. MailJand Ave. 
Wait/and 32751 

Te, 1 : (3051 645-3444 
Intel Corp 

1001 N.W. 62nd Slreel. Suite 
Fl. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 

5151 Adanson Streel Suae 1 
Orlando 32804 
Tel: (305) 628-2393 
TWX:8 1 0-853-9219 
GEORGIA 

Pen-Tech Associates Inc. 
Suite 305 C 

3101 Powers Ferry Roads 

Atlanla 3C339 

Tel: (404) 955-0293 



P.O Bo* 1420 
Cupertino 95014 
Tel: (408) 257-9880 

1651 East 4ln Street 
Suile 150 
Santa Ana 92701 
Tel. (714) 835-964 2 
TWX:910-595-1114 

P.O, Box 8763 
Fountain Valley 92708 
Tel (714) 83S-3341 

20121 Ventura Blvd., Suite 240E 
Woodland Hj|l s 91364 
Tel: (213) 347-5900 
Earle Associates, Inc. 
4805 Me.-cury Streel 



soo Ji 
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COLORADO 

GOOC Easl Evans Avq. 
Bldti. 1, Suae 260 
Denver 80222 
Tel (303) 75E-B086 
TWX: 910-931-22a9 

Mouniainfek 
25921 Fern Gulch Road 
P O. Box 1355 
Everqreen 30439 
Tel' (303) 874-5255 



Suite 220 
Oakbrook 6fJ521 
Tel. (312) 325-9510 
TWX- 910-651-5881 
Dylek-Central. Inc. 
131 So. Wilke Road 
Suite 103 

Arlington Heig.hls 6000S 
Tel (312) 394-3380 
TWX 910-687-2267 

INDIANA 

Electro Reps (no. 
941 E. 86lh Street 

Indianapolis 46240 

Tel (317) 255-4147 
TWX: 810-341-3217 
Eleclro Reps Inc. 
3402 N. Anthony Blvd. 
Ft. Wayne 468G2 
Tel: (219) 482-2388 

IOWA 

Technical Representatives, Ire. 

St Andrews Building 

1930 St. Andrews Drive N E. 

Cedar Raoids 52402 

Tel (319) 393-5510 

KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite £100 
Lenexa 66214 
Tel' 1913) 888-0212, 3, & A 
TWX. 910-749-6412 



EUROPEAN MARKETING OFFICES 



BELGIUM 

Rue du Moulin a Papier 

51-Boile 1 

B-1 1G0 Brussels 

Tel (02) 660 30 1C 

TELEX: P4814 



FRANCE 

Intel Corporation. S.A.R.L 
5 Place tie la Balance 
Sii.c 223 

9452B Runais Cede* 
Tel (01) 6B> 22 21 
TELEX: 270475 



ORIENT MARKETING OFFICES 

JAPAN TAIWAN 

Iniel Japan Corporation* Taiwan Aulor 

Flower Hill-Shinmachi East Bidg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 1 54 
Tel: (03) 426-9261 
TELEX' 7B1-2S426 



on Co." 



2nd Floor 224 
Nanking Easl Road 

Tel W) 7710940-3 
TELEX: 11942 TAIAUTO 



INTERNATIONAL DISTRIBUTORS 



ARGENTINA 

S.I E.S.A. 

Av. Pte. Rogue Saenz Pene 1142 91 
1035 Buenos A/res 
Tel. 35-6784 

AUSTRALIA 

A.J.F Systems 3 Component 
PTY. LTD. 



44 P 



:l Rd. 



Prospect 5082 
South Australia 17005 
Tel: 269-1244 
TFLEX: 82635 

A.J.F. Systems s Components 
PTY. LTD. 
29 Devlin St. 

Hyde, N.S.W. 2112 

Tel: (02) 807-GB78 
TELEG: 24906 

A.J.F. Systems & Components 
PTY. LTD 

310 Ouee.n St. Melbourne, 
Victoria 3000 
Tel' 103) 679-/0 2 
TELEX' 30270 

Warburlon-Franki (Sydney) Ply. Ltd. 
199 Parramalta Road 
Auburn. N.S.W 2114 
Tel: 848-1711. 648-13B1 
TELEX. WARFRAN AA 22265 
Warburlon-Franki Industries 
(Melbourne) Ptv. Lid 
220 Park Slreet 

South Melbourne. Victoria 3205 
Tel 69G-4999 

TELEX: WARFRAN AA 31370 
AUSTRIA 

Bacher Elektronische Gerale GmbH 

Ueidlinqer Hauplstrasse 76 

A 1120 Vienna 

Tel (0??J) 83 63 98 

TELEX: (01) 1532 

BELGIUM 

Inelco Belgium S A. 
Avenue Val Duchesse. 3 
B-1 160 Brussels 
Tel 102) 680 00 12 
TELEX. 25441 



DENMARK 

Lyngsc Komponenl A/S 
Ostmerken 4 
2860 Soborg 
Tel: (01) 67 Co 77 
TELEX. 22990 

Scandinavian Semiconducto 
Supply A/S 
f.'annasgade 18 
DK-2200 Copenhagen N 
Tel (01) 83 50 90 
TELEX: 19037 



SF 00160 
Helsinki 18 

Tel. (90) 684 451 
TELEX: 12426 

FRANCE 

Celdis 

53, Rue Charles hrerot 

94250 Gentilly 

Tel. 581 00 20-591 04 89 

TELEX: 200 485 F 

Metrologie 

La Tour a'Asnieres 

4, Avenue Laurent Cely 

92606-Asnie-es 

Tel. 791 44 44 

TELEX-611 44BF 

Tekelec Airlromc - 

Cite des Bruyeres 

Rue Carle Vernet 

92310 Sevres 

Tel: (1) 027 7E 35 

TELEX: 250997 

GERMANY 

Alfred fJeye EnaLachnik GmbH 

Schillerslrasse 14 

D-2C85 Quickborn-Hamburg 

Tel (04106) 812) 

"TELEX- 02-13590 

Electronic 2C00 Verlrlebs GmbH 

Neumarkter Strasse 75 

D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX 522561 



MARYLAND 

Glen While Associates 
57 West rimomum Road 
Timomu.Ti 21093 
Tel. (301) 252-7742 

7257 Parkway Drive 
Hanover 21076 
Te-r (301) 252-7742 
TWX 710-232-1807 

11900 Parklaw.i Drive 
Rockville 20852 
Tel. Wash. (301) 851-843C 
Ballo. (301) 792-0021 

MASSACHUSETTS 

Intel Corp." 

1B7 Billerica Road, Suile 14A 
Chelmsford 01824 
Tel. (617) 667-81 26 
TWX- 710-343-6333 
Computer Marketing Associates 
257 Crescent Street 
Waltham 02154 
Tel: (617) 894-7000 

MICHIGAN 

Intel Corp. 

25500 Northwestern Hwy. 
Suile 401 
SOUthlield 48075 
Tel. (313) 353-0920 
TWX: 910-420-1212 
TELEX. 2 31143 
Lowry & Associates, Inc. 
135 W North Streel 
Suite 4 

Brighton 46116 
TeC (313) 227-7067 

MINNESOTA 

Intel Corp. 

8200 Norrnandale Avenue 
Suile 422 

Bloominglon 55437 
Tel (612) 835-6722 
TWX. 910-57S-2867 

MISSOURI 

Technical Repi 
Trade Center Bldg. 
320 Brookes Drive. G 

Hazelwood 63,142 

Tel: (314) 731-5200 
TWX. 910-762-0618 

NEW JERSEY 

Intel Corp. 

1 Metroplaza Oflice E 
505 Thomall St 
Edison 08817 
Tel: (£01) 494-5040 
TWX' 710-490-6235 



312 West Parker Roa< 
Las Cruces BBO01 
Tel: (505) 523-0601 
TWX. 910-9B3-0543 
BFA Corporation 
3705 Westerfield. N.E 
Albuquerque 871 1 1 
Tel: (505) 292-1212 
TWX 910-939-1157 

NEW YORK 

Inlel Corp * 
350 Vanderbilt Motor 
Suite 402 
Hauppauge 11787 
Tel: (516) 231-3300 
TWX' 510-227-6236 



SCANDINAVIA 

inlel Scandinavia A/S" 

Lyngbvvei 32 2nd Floor 

DK-2100 Copenhagen East 

Denmark 

Tel: (01) 1B 20 00 

TELEX: 19567 

Intel Sweden AB" 

Boi ;0092 
S-1612C Sromma 
Sweden 

Tel: 108) 98 53 90 
TELEX: 12261 



HONG KONG 

China Electronics 

Sea Gird House, 9lh Floor 
22-28 Wyndham SLreet 
Hong Kong 

SINGAPORE 

General Engineering Associates 
37. Hill Street 
Singapore 6 

GERMANY (con I.) 

Jermyn GmbH 
Postrach 1146 
D-6277 Kamberg 
TeC (06434) 6005 
TELEX: 484426 
INDIA 

Electronics International 
128 Mahaima Gandhi Road 
Secunderabad 
Tel: 73720 
TELEX. 015-383 
CABLE: GUNTICO 



P.O. Bo* 39300 
Tel -Aviv 
Tel: 475151 
TELEX: 3363B 



Viale Elvezia. 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra3SS.P.A.* 

Via Paolo Gaidano. 141 D 

10137 Torino 

TEL (011) 30 97 097 - 30 97 114 

Eledra 3S S P A.' 

Via Giuseppe Valmarana. 63 

O0139 Rome Italy 

Tel. (06) B1 27 290- 81 27 324 

TEIEX' 63051 

JAPAN 

Pan Electron 
No. 1 Higashikata-Machi 
Midori-Ku, Yokohama226 
Tel: (045) 471-8811 
TELEX. 781-4773 
Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22. Tsuhji, 1-Chome 
Chuo-Ku. Tokyo 104 
Tel: [03) 543-7711 



q Road 



NEW YORK (conl.fr 

Intel Corp 
474 Thurston Road 
Rochesiar 14619 
Tel. (716) 328-7340 
TWX' 510-253-3841 
T-Sqjared 

4054 Newcourl Aveni. 
Syracuse 13206 
Tel. (315) 463-6592 
TWX; 710-541-0554 
T-SqL 
642 H 
P.O Bo* W 
Pillstord 14534 
Tel (716) 246-5005 
TELEX: 97-828S 

65 Marked Slreel 
Poughkeppsie 12601 
Tel, (914) 473-2303 
TWX: 510-248-0060 
Measurement Technology, I 
159 Northern Boulevard 
Great Neck 11021 
Tel. (516) 482-3500 

NORTH CAROLINA 

P.O. Bon 5382 
Highpoinl 27262 
Tel: (919) &S3-9125 
Glen White Associates 
3700 Compuler Drive 
Suite 330 



OHIO 

Inlel Corp " 

8312 North Main Slree! 
Dayton 45415 

Tel. (513) 890-535C 
TWX' 810-450-2528 
Inlel Corp. ■ 

Chagrin-Bramard Bidg. 
280C1 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 
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Dayton 45429 

Tel. (513) 435-4795 

Lowry & Associates, Inc. 

24200 Chagrin Blvd 

Suile 146 

Cleveland 44122 

Tel. (218) 464-8113 

OREGON 

FS/ Chase Company 
4095 SW 1441h St. 
Beaverlon 97223 
Tel' (503) 641-4111 

PENNSYLVANIA 

275 Commerce Dr. 
200 Cilice Center 
Suile 212 

Fort Washington 19034 
Tel: (215) 542-94 44 
TWX 510-661-2077 
O.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) G74-9600 



ENGLAND 

Intel Corporation (U.K.) Lid." 

Broadtield House 

4 Belween Towns Road 

Cowley. Oxford OX4 3NB 

Tel (0B65) 77 14 31 

TELEX 837203 

Intel Corporation (U.K.) Lid 

45-50 Beam Street 

Nantwich, Cheshire CW5 5LJ 

Tel: (0270) 62 65 60 

TELEX: 36620 



KOREA 

Koram Digital 
Room 411 Ahil Bldg. 
49-4 2-GA Hoehyun-Oong 
Chuog-Ku Seoul 
Leewood International. Inc. 
C.P.O Box 4046 
112-25, Sokong-Dong 
Chung-Ku, Seoul 



JAPAN (cont.) 

Nippon Micro Computer Co. Ltd. 
Mijisumi Bldg. 4-5-21 Kojimachi 
Chiyoda-ku. Tokyo 102 
Tel. (03) 230-0041 

NETHERLANDS 

C N. Rood BV 
Con Vender 
Lindenslraal. 13 
Postbus 42 
Rijswiik 2H210C 
TeC 070-996360 
TELEX: 31238 

AFD Electronic 
Joan Muyskenweg 22 
NL-1008 Amsterdam 
Tel (020) 934B24 
TELEX: 14622 
NEW ZEALAND 

W. K. McLean Ltd. 

1C3-5 Felton Matlhew Avenue 
Glenn Innes, Auckland 
Tel: 587-037 
TELEX. NZ2763 



N-OslO 2 

Tel (02) 55 38 93 

TELEX: 16963 

PORTUGAL 

Ditrarn 

Componentes E Electronica 
Av Miquel Bombarda, 133 

Tel: 11945 313 

SOUTH AFRICA 

Electronic Building Element 
P.O. Bo* 4609 



PENNSYLVANIA (conl.) 

Lowry & Associates. Inc. 
Three Parkway Center 
Suite 201 
Pittsburgh 15220 
Tel. (41 2) 922-51(0 

TENNESSEE 

Glen White Associates 
Rl. =12. Norwood S, D 
Jnnesboro 37659 
Tel. (6J5) 477-8850 
Glen While Associates 
2523 Howard Road 
Gerrnanlown 3B13B 
Tel. (901) 754-0483 

Glen While Associates 

6446 Ridge Lake Road 

Hixon 37343 

Tel. 1615) 842-7799 

TEXAS 

6776 S W. Freeway 

Suite 550 

Houston 77074 

Tel. (713) 7841-3400 

Mycrosys terns Marketing Inc. 

13777 N Central Expresswav 

Suite 405 

DaMa-3 75243 

Tel: (214) 238-7157 

TWX 910-867-4763 

Mycrosyslems Markelinq Inc. 

6610 Harwm Avenue. Suite 1 2r, 

Houslon 7703-6 

Tel: (713) 783-2900 

Inlel Core ' 

3925 L.B.J Freeway 

Suile 700 

Dallas 75234 

Tel (214) 241-3521 

TWX 910-860-54 87 

UTAH 

Moiintamtek 
3788 Brcckbank Drive 
Salt Lake Cily B4117 
Tel' (801) Z66-9617 

VIRGINIA 

Glen While Associates 
P O. Bo" 1104 

Lynchburg 24505 

Tel (8041 384-6920 
Glen While Associates 
Rl. - 1. Box 3.32 
Colonial Beach 22443 
Tel. (904.1 224-4871 

WASHINGTON 

E S. Chase Co. 
P O. Box B0903 
Seallle 98108 
Tel. (205) 7G2-4B24 
TWX 910-444-2298 
WISCONSIN 

4369 S, Howell Ave, 
Milwaukee 53207 
Tel. (414) 747-0769 

CANADA 

Suite 23.1 P Bell Mews 
39 Highway 7 

Bells Corners, Ontario K2H BR2 

Tel (613)B29-9714 

TELEX' 053-4419 

Multilek, Inc." 

1 5 Grenfell Crescent 

Ottawa. Ontario K2G 0G3 

Tel: (613) 226-2365 

TELEX: 053-4585 



GERMANY 

Inlel Semiconduclor GmbH - 
Seidlstrasse 27 
BOCO Muenchen ? 

Tel. (089) 55 81 41 
TELEX: 523 177 
Inlet Semiconductor GmbH 
Abraham Lincoln Slrasse 30 
6200 Wiesbaden 1 

Tel: (06121) 74 B55 

TELEX. 04138183 

Intel Semiconduclor G.TibH 

Wernerstrasse 67 

P.O. Box 1460 

7012 Fellbach 

Tel (0711) 580082 

TELEX: 72G4B26 



Hindenburger Slrass 
3O0O Hannover 
Tel. (0511) B52051 
TELEX. 0923625 



SPAIN 

Interface' 

Ronda San Pedro 22 
Barcelona 10 
Tel: 301 78 51 
TELEX: 5150B IFCE E 

SWEDEN 

Nordisk Eieclromk AB 
Fack 

S-1O3S0 Stockholm 7 
Tel: (08) 248340 
TELEX. 13547 

SWITZERLAND 

Industrade AG 
Gemsenslrasse 2 
Poslcheck 80 -21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 56788 

UNITED KINGDOM 

Rapid Recall, Ltd 

11-15 Beuerton Slreel 

London WC2H 9BS 

TeC (01) 379-6741 

TELEX: 28752 

G.E C. Semiconductors 

East Lane 

Wembley HA9 7PP 



Tel: (01) 904-9303 
TELEX: 923429 
Jermyn Industries 

Sevenoaks. Kent 

Tel (0 v 32i 50144 

TELEX: 95142 

Simrom Electronics Ltd " 

Arkwright Road 

Readinq. DerVshire RG 20 LS 

Tel. (0734) 85464 

TELEX B47395 



'Field Application Location 



ifwne Number 
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